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FOREWORD 


A Cost and Utility Analysis of NIM/CAMAC Standards and Equipment for 
Shuttle Payload Data Acquisition and Control Systems was performed by the 
Defense and Space Systems Group of TRW, Inc. under Contract NAS9-14693 for 
the Lyndon B. Johnson Space Center of the National Aeronautics and Space 
Administration. The work was managed by Dr. Richard J. Kurz (Telephone 
(213) 535-2936) of the Instrument Systems Department, TRW Defense and 
Space Systems Group, The study was administered under the technical 
direction of Dr. Richard D. Eandi (Telephone (713) 483-5176) of the Space 
Physics Branch, Johnson Space Center. 

The results of the study are presented in three volumes: 

VOLUME I. ' SUMMARY 

Overall summary of the analyses and conclusions 

VOLUME II. TASKS 1 AND 2 

Identification and selection of representative payloads for analysis 
and functional analysis of the selected paylaods for NIM/CAMAC equipment 
applicability and coirsnonal ity. 

VOLUME III. TASKS 3 AND 4 

Analysis of the modifications to NIM/CAMAC equipment required for 
compatibility with the Spacelab environment and their estimated cost, 
development of a management plan for the utilization of NIM/CAMAC equipment 
and programmatic cost estimates, and assessment of the implementation and 
impact of CAMAC software. 
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1 . INTRODUCTION 


1.1 STUDY BACKGROUND 

The use of Space Shuttle and Space! ab as a low-cost transportation sys- 
tem to support space research and applications programs will change payload 
implementation and operation significantly. Payload changes from current 
practices, that can be expected with the advent of the Shuttle include: 

e Weight, volume, power and environmental constraints will be 
considerably relaxed. 

t Repair, refurbishment and reuse of payload equipment will become 
routine. 

• Hardware development time will be considerably shortened. 

e Reuse, modification, and quick turn-around will demand equipment 
flexibility, interchangeability, and interface simplicity. 

• Payloads will require versatile and flexible data management and 
control systems. 

All of these considerations point to the use of standard, modular elec- 
tronic equipment for Shuttle payloads. This equipment must lend itself to 
flexible integration into a computer-controlled data management and control 
system. The commonalities achieved in both hardware and software required 
for various payloads would result in the cost benefits of reduced develop- 
ment effort and multiple use of such equipment and software.. 

The NIM (Nuclear Instrument Modules) and CAMAC (Computer Automated 
Measurement and Control) standards for modular electronic equipment are 
existing, successful implementations of solutions to similar requirements 
in ground-based research that have the benefit of extensive user acceptance 
and experience, They are therefore natural choices to consider for appli- 
cation to Shuttle payloads. 

1.1.1 Description of NIM and CAMAC Systems 

A very brief description of the NIM and CAMAC standards and equipment 
is given in the following sections. For complete details, the reader is 
referred to the publications listed in Table 1-1. 
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Table 1-1. Selected Publications Regarding NIM and CAHAC 


Standard Nuclear Instrument Modules 


ERDA Report TID-2Q893 


CAMAC “ A Modular Instrumentation System for Data 
Handling - Description and Specifications 

CAMAC “ Organization of Multicrate Systems 

Supplementary Information on CAMAC Instrumentation 
System 

CAMAC Serial System Organization - A Description 

CAMAC - Specification of Amplitude Analog Signals 
within a Fifty-Ohm System 

CAMAC - The Definition of IML, A Language for Use 
in CAMAC Systems 

Block Transfers in CAMAC Systems 

IEEE Standard Modular Instrumentation and Digital 
Interface System (CAMAC) 

CAMAC Bulletin 


Proceedings of 1975 Meeting of IEEE Insdustry 
Applications Society 

CAMAC Tutorial Issue 

Proceedings of 1973 Nuclear Science Symposium 
Proceedings of 1974 Nuclear Science Symposium 


Proceedings of 1975 Nuclear Science Symposium 


ERDA Report TID-25875 


ERDA Report TID-25876 
ERDA Report TID-25877 


ERDA Report TID-26488 
ERDA Report TID-26614 


ERDA Report TID-26615 


ERDA Report TID-26616 
IEEE Std 583-1975 


A publication of the 
ESONE Codinittee issued 
three times yearly by 
EURATOM 

IEEE Conference Record 
74CH0 833-41 A (Part 1) 

IEEE Transactions on 
Nuclear Science, NS-20, 
No. 2, April 1973 

IEEE Transactions on 
Nuclear Science NS-21 
No. 1, February 1974 

IEEE Transactions on 
Nuclear Science NS-22 
No, 1, February 1975 

IEEE Transactions on 
Nuclear Science NS-23 
No, 1, February 1976 
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1 .1 .1 .1 NIM Standards 


The NIM standards were developed by a committee of equipment users under 
the auspices of the Atomic Energy Commission (now the Energy Research arid 
Development Agency) and the National Bureau of Standards to provide maximum 
compatibility between instruments produced by various manufacturers. These 
standards define the equipment characteristics required for mechanical and 
electrical compatibility. 

NIM standards must be met in the design of all the equipment intended 
for NIM-compatible use. Module and bin dimensions and power connector loca- 
tion and pin assignments have been standardized as have the supply voltages’ 
and the allowable current for each supply voltage. Each equipment bin , accepts 
twelve unit module widths and is designed for mounting in a standard 19-inch 
relay rack. 

NIM preferred practices are characteristics added to the basic NIM 
standards which are recommended by the NIM committee to define linear sig- 
nals* logic signals, and preamplifier connections. 

NIM standards do not prescribe standard circuits, functional instrument 
specifications, or required fabrication methods. The NIM committee limits 
itself to matters that affect compatibility and does not judge equipment as 
to conformity or nonconformity with the standards. Voluntary cooperation 
of manufacturers and users with the committee has been adequate to standardize 
for interunit compatibility. 

NIM equipment lend; itself to analog signal processing and other appli- 
cations where only a limited amount of digital data is involved. 

1.1. 1.2 CAMAC Standards 

CAMAC is an instrumentation system that has been developed specifically 
for accomnodating digital functions. The system definition that has become 
the standard for digital data acquisition and control systems was prepared 
by the European Standards on Nuclear Electronics committee of EURATOM and 
has been adopted by the ERDA/NBS NIM committee and the IEEE of the U, S,' As 
in the NIM system, the CAMAC standard specifies the requirements for mechani- 
cal compatibility and electrical power supply compatibility. The important 
additional feature of CAMAC is that it uses a multiwire printed circuit 
board mounted on the rear of the power crate (the CAMAC equivalent of the 
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NIM bin) to provide a large number of interconnections between modular hard- 
ware without external cabling. Called the CAMAC Dataway, it provides for 
bidirectional communications between modules and the external world or between 
modules themselves, thus allowing digital control of modules in addition to the 
more common data acquisition function. 

The CAMAC crate is designed to accept up to 25 modules via 86-pin card- 
edge connectors mounted on the printed Dataway. Operationally, 23 of these 
connectors or stations are used for modules like ADC's, scalers, registers, 
etc., and the remaining two are utilized by a crate controller. Local con- 
trol of modules within a crate is provided by the crate controller which 
accepts external commands from the branch highway. The branch highway is a 
separate cable data bus that interconnects controllers in several crates with 
a branch driver interface to the central processor in use. With the excep- 
tion of the computer interface, all components of a system are computer- 
independent and interchangeable. 

In addition to defining mechanical and electrical power supply charac- 
teristics, the CAMAC standards define the protocols for digital communica- 
tions within the system. The CAMAC standards provide for a number of system 
configurations and are sufficiently flexible to accommodate new developments 
in electronic technology. 

The standardization of the digital data and control functions also intro- 
duces the possibility of standardized software and the development and use 
of standard CAMAC software is, in fact, rapidly expanding. The merits of 
the CAMAC system are best demonstrated by its increasing usage for situations 
outside of the field of nuclear electronics. These applications range from 
instrument systems for other scientific disciplines to industrial process 
control . 

1.1.2 Related Studies 

In recognition of the possible benefits of using NIM and CAMAC equipment 
in Shuttle payload instrumentation, ftJASA and ESA have sponsored a number of 
studies on various aspects of this topic in addition to the present study. 
Table 1-2 lists both those activities dealing specifically with the use of 
NIM and CAMAC equipment for space applications and some closely related 
studies. 
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Table 1-2. Related Studies 


Feasibility Study of Common Electronic Equipment 
for Shuttle Sortie Experiment Payloads 

Bendix 

NAS9 -13784 
WASA/JSC 

Shuttle Environmental Compatibility Test Program 

In-house 

NASA/JSC 

NIM and CAMAC Systems in the Space Program 

In-house 

NASA/GSFC 

Feasibility Study of the Design of BiRa Systems, 
Inc. Model 5301, 5101, and 3222 CAMAC Modules 
for Space Use 

BiRa Systems 

NAS5-22856 

NASA/GSFC 

NIM (Model 451 and 455) and CAMAC (Model S812 
and IR026) Module Studies 

Ortec 

NAS5-22812 

NASA/GSFC 

Study of Kinetic Systems, Inc., Model 3110, 
3610, and 3640 CAMAC Modules for Space Use 

Kinetic 

Systems 

NAS5-22898 

NASA/GSFC 

Study of SPAMAC/CAMAC Interface for the Space! ab 
Programme 

SGAE 

2508/75 JS 
ESA/ESTEC 

Analysis of Commercial Equipment Instrumentation 
for Space! ab Payloads 

Rockwell 

NAS8-30541 

NASA/MSFC 

Cost Reduction Alternatives Study (Task 1) On- 
Board Computer Utilization and Software 
Integration 

Rockwel 1 

NASI -12933 
NASA/LARC 

Pressure Vessel Spacecraft - A Shuttle Era 
Approach to Low Cost 

General 

Electric 

NAS5-24021 

NASA/GSFC 

Low-Cost Approaches to Scientific Experiment 
Implementation for Shuttle-Launched and 
Serviced Automated Spacecraft 

TRW 

NAS W-2717 
NASA/Hdq 

Low-Cost Instrument Electronics for Solar 
Maximum Mission 

TRW 

NAS5-23478 

NASA/GSFC 
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The Bendix study was the forerunner of the present work and investigated 
the application of NIM and CAMAC equipment to a group of six Shuttle Sortie 
research and applications payloads. The Shuttle Environmental Compatibility 
Test (SECT) program is being carried out at JSC in parallel with the present 
study and involves actual environmental testing of commercial NIM and CAMAC 
equipment. The GSFC in-house activity has investigated the applicability of 
NIM and CAMAC equipment to several payloads in the high-energy astrophysics 
discipline. In the next three studies, sponsored by GSFC, manufacturers of 
commercial NIM and CAMAC equipment have investigated possible power reduc- 
tions for several of their commercial products and the cost impact of using 
NASA preferred parts and approved manufacturing techniques. The ESA-sponsored 
study by SGAE (Austria) has addressed possible methods of interfacing CAMAC 
systems to the Spacelab CDMS. The remaining studies listed, while not directed 
specifically to the use of NIM and CAMAC equipment, all include work that is 
relevant to the topic. 

A basic guideline for this study was that the data and conclusions con- 
tained in Bendix Report BSR4142 (Feasibility Study of Common Electronic 
Equipment for Shuttle Sortie Experiment Payloads) and Rockwell Report SD74- 
SA-0047-1 (Analysis of Commercial Equipment and Instrumentation for Spacelab 
Payloads) should be used as a point of departure, extended where necessary 
to meet the objectives of this study, and used to support or statistically 
strengthen the data compiled and conclusions in this investigation. 

In addition, it was intended that there be a close coordination between 
this study and the parallel SECT program at JSC. The test program results 
were also expected to be available for incorporation into our overall results 
and conclusions. As it turned out, the test planning has been coordinated 
with the study, but it has been possible to obtain only a limited amount of 
actual test data during the period of performance of the study. 
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1.2 STUDY SCOPE 

The major objective of this study was to determine the cost effective- 
ness of utilizing NIM and CAMAC equipment for Shuttle sortie payload instru- 
mentation. The original statement of work called for the performance of 
four tasks to accomplish this objective. 

Task 1 - Identification and Selection of Potential Shuttle Sortie Payloads 
for Data Acquisition and Experiment Control Analysis 

Task 2 - Functional Analysis of Selected Shuttle Payloads 

Task 3 - Modification Analysis of Identified NIM/CAMAC Units 

Task 4 - Management Plan for Implementing NIM/CAMAC Standards on Shuttle 

Because of its importance to overall experiment costs, Task 4 was sup- 
plemented during the course of the study to include the following task: 

Task 4B - Implementation and Impact of CW'iAC Software 

The interrelationship of the study tasks is shown in Figure 1-1. 

The objective of Task 1 was to select a representative set of payloads 
for both science and applications disciplines that would ensure a realistic 
and statistically significant estimate of equipment utilization. 

in Tasks 2A and 2B, the selected payloads were analyzed to determine 
the applicability of NIM/CAMAC equipment in satisfying their data acquisi- 
tion and control requirements. In Tasks 2C and 2D the results of these 
analyses were combined with the comparable results from related studies to 
arrive at an overall assessment of the applicability and commonality of 
NIM/CAMAC equipment usage across the spectrum of payloads. 

Task 3 dealt with determining the modifications to existing commercial 
NIM/CAMAC equipment that would be required for its reliable operation in 
the Spacelab environment as well as the estimated cost of these modifica- 
tions. This task could be performed in parallel with the rest of the work 
because of the standardized nature of NIM/CAMAC equipment. 

In Task 4A, the results from Task 2, on the applicability of NIM and 
CAMAC equipment to the representative payloads, were combined with an over- 
all payload mission model for the period 1980 to 1991 to project the total 
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expected equipment usage. Various approaches to providing the equipment 
were investigated and a management plan for pooled usage was developed. The 
cost estimates from Task 3 were then used to prepare programmatic cost esti- 
mates. 

Finally, in Task 4B, the impact of standardized CAMAC software {made 
possible by the use of CAMAC hardware) on the overall Spacelab experiment 
software situation was analyzed and a recommended approach to software imple- 
mentation was developed. It was possible to independently proceed on the 
software task with the exception of the final portion in which the specific 
software requirements for two of the representative payloads were analyzed. 

The results of the work under Tasks 1 and 2 are contained in the fol- 
lowing two sections, which make up the balance of this volume. Volume til 
contains the description of Tasks 3, 4A, and 4B. 
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2. IDENTIFICATION AND SELECTION OF POTENTIAL SHUTTLE 
SORTIE PAYLOADS FOR DATA ACQUISITION AND 
EXPERIMENT CONTROL ANALYSIS (TASK 1) 

2,1 INTRODUCTION 

Our approach to identifying and selecting Shuttle sortie payloads for 
analysis involved the following three elements: 

G select science and applications disciplines to be considered, 

0 review payload definition documentation, 

G identify and select representative payloads/experiments. 

The primary sources used in performing this task are listed in Table 2-1, 
and a list of the disciplines from which representative payloads were selected 
Is given In Table 2-2. The science disciplines to be considered were selected 
in accordance with the SUSS document except for the discipline of planetary 
exploration, which was not included here because it does not involve the 
sortie mode of operation. Although the primary emphasis was placed on the 
science disciplines, several applications disciplines, taken from the SSPDA 
documents, were included since these are also scheduled for frequent Shuttle 
sortie missions. The disciplines of earth observations and earth and ocean 
physics were combined because of the high degree of similarity found in the 
instrumentation used for investigations in these disciplines. Space tech- 
nology was not treated as a separate discipline for payload selection because 
for the most part it requires instrumentation covered under the other disci- 
plines. Finally, communications/navigation payloads were not considered 
because of the very limited applicability expected for NIM or CAMAC equipment. 

The available payload documentation does not define the term “payload” 
in a very specific way. A collection of instrumentation that is required to 
perform a particular type of science or applications investigation tends to 
be termed a payload. The equipment so defined may or may not utilize all 
of the resources (e.g., weight, volume, power, etc.) available on a Shuttle 
sortie mission. In order to tabulate and compare requirements in a reasonably 
consistent way, we will use the term “payload” in this study to mean a col- 
lection of equipment or instruments that can be expected to require approx- 
imately the full resources available in one sortie mission. 


— At— 
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Table 2-1. Payload Identification and Selection References 


Scientific Uses of the Space Shuttle (SUSS), National Acaden^y of Sciences, 
1974. 

Summarized NASA Payload Descriptions - Sortie Payloads (SSPDA), NASA/MSFC, 
1974 and 1975 editions. 

Final Report of the Space Shuttle Payload Planning Working Groups, NASA/6SFC, 
1973. 

Interim Report of the Astronomy Spacelab Payloads Study, NASA/GSFC, 1975. 


Table 2-2. Payload Identification and Selection Disciplines 


Science Disciplines 

Atmospheric and Space Physics - Atmospheric Science 

- Magnetosphen'c Dynamics 

- Plasma Physics in Space 


High-Energy Astrophysics - X-Ray 

. - Gamma Ray 
- Cosmic Ray 


Astronomy - Infrared 

- Optical and Ultraviolet 

Solar Physics 

Life Sciences 

Applications Disciplines 
Earth Observations and Earth and Ocean Physics 
Space Processing Applications 


The following criteria and guidelines v/ere used in selecting the repre- 
sentative payloads for analysis in this study; 

• The sample should be representative in both the range of data 
acquisition and control requirements and the range of accom- 
modation and operational modes to be encountered in sortie 
mode science and applications experiments. 

9 Emphasis should be placed on scientific investigations 
recommended in the SUSS document. 

0 Preference should be given to those payloads that have the 
most complete available documentation. 

s Existing NIH/CAMAC study results should not be duplicated. 

One representative payload was selected from each of the seven disciplines 
listed in Table 2-2. A summary of the selected payloads is given in Table 2-3. 
As can be seen, each of these payloads includes a number of instruments or 
groups of equipment. We believe that the composite collection of instrumen- 
tation included in these payloads, especially when combined with the results 
from previous studies, truly represents the range of requirements that can 
be expected. It should be noted that a large number of the payloads listed 
in the SSPDA documents simply amount to different grouping of this, or nearly 
equivalent, instrumentation. 

Each of the seven disciplines considered for payload selection will be 
treated sucessively in the following sections. The selection rationale will 
be discussed, the payload will be briefly described, and the available defini- 
tion documentation will be identified, more detailed description of each 
payload will be given in Section 2 as part of the functional analysis. 


Table 2-3. Payloads Selected for Analysis 


Discipline 

Payload 

Instrumentation 

Atmospheric and 
Space Physics 

Af^PS 

Instrumentation for particle accel- 
erator, wake, chemical release, 
wave, magnetic confinement, and 
passive optical experiments. 

High-Energy 

Astrophysics 

X-Ray/6amma-Ray 

Pallet 

Proportional counter array, Bragg 
crystal spectrometer , hi gh-resol u- 
tion gamma-ray spectrometer. 

Astronomy 

One-Meter Cooled 
Telescope 

Filter photometer, spectrophotom- 
eter, detector array, Fourier and 
grating spectrometers. 

Solar Physics 

ATM 

Coronagraph, X-ray telescopes, UV 
spectroheliometer, XUV spectro- 
heliograph, and chromospheric XUV 
spectrograph. 

Life Sciences 

Life Sciences 
Dedicated Laboratory 

Equipment units for biochemical/ 
biophysical analysis, biomedical 
studies, data management, and 
laboratory support, holding units, 
and research support. 

Earth Observations 
Earth and Ocean 
Physics 

Earth Observations 
Faci 1 i ty 

Scanning microwave radiometer, IR 
radiometer, Lidar, cameras and 
Bendix results for multispectral 
scanner and microwave scatterom- 
eter. 

Space Processing 

Space Processing 

Furnace, levitation, biological , 
general purpose, and core equipment 


groups. 


13 


[ I t 


2.2 SCIENCE DISCIPLINES 

2.2.1 Atmospheric and Space Physics 

The SUSS document defines a number of core instruments that will be 
required for experiments in both atmospheric sciences as well as space plasma 
and magnetospheric physics. As indicated in the SSPDA tabulations, current 
payload definition and planning combines all of this instrumentation into a 
single Atmospheric, Magnetospheric, and Plasmas in Space (AMPS) payload. The 
major types of instrumentation identified in the SUSS document as well as the 
documentation available on the AMPS payload is shown in Table 2-4. AMPS is 
the obvious choice for analysis to represent this discipline. 

Table 2-4. Atmospheric and Space Physics Instrumentation • 
and Selected Payload Documentation 

Instruments Identified in SUSS for Sortie Missions 

0 Atmospheric Sciences 

High-Power Laser and Receiver (Lidar) 

Passive Optical Remote Sensing Instruments 

- High-resolution photometers and interferometers 
“■ Infrared sounding interferometers 

• Space Plasma and Magnetospheric Physics 

Electron and Ion Accelerators 
Plasma Gun 

Chemical and Gaseous Release Devices 

Transmitters and Antennas 

Pallet and Boom-Mounted Diagnostic Instruments 

AMPS Definition Documentation 

Phase A Conceptual Design Study of the AMPS Payload, TM X-64895, NASA/ 
MSEC, 1974 

AMPS Particle Definition Study, NAS8-31375, TRW, 1975 

AMPS Data Management Requirements Study, .NAS8-31208, TRW, 1975 
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We have selected a version of the AMPS payload that emphasizes space 
plasma and magnetospheri c physics. The atmospheric science instrumentation was 
covered in the Bendix work with the exception of the Lidar system which will 
be treated in this study as part of the earth observations payload. It is 
generally true that the optical instrumentation for AMPS is very similar to 
instruments that will be covered in the astronomy, solar physics, and earth 
observations payloads. 

The version of AMPS we have selected includes the instrumentation required 
to perform six types of experiments. This instrumentation includes the core 
instruments defined in the SUSS document and is also similar in many respects 
to the Auroral and Magnetospherics Observatory studied by Bendix. Our analysis 
will re-examine the control and data acquisition requirements in light of the 
more complete payload definition available from AMPS studies carried out since 
the Bendix work. 

2.2.2 High-Energy Astrophysics 

High-Energy Astrophysics is commonly divided into three subdisciplines - 
X~ray, gamma ray, and cosmic ray astronomy. The types of instruments identi- 
fied in the SUSS document for sortie missions are listed in Table 2-5. The 
SSPDA tabulations include sixteen payloads that use these instruments individu- 
ally or in various combinations. 

The cosmic ray instruments have already received considerable attention 
in previous studies. The Cosmic Ray Physics Laboratory analyzed by Bendix 
consisted of a superconducting magnetic spectrometer with associated propor- 
tional counters , Cerenkov detectors and a small ionization calorimeter. 

The High Energy Cosmic Ray Experiment studied by GSFC consisted of a large 
ionization calorimeter, again with associated proportional counters. 
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Table E-5. High-Energy Astrophysics Instrumentation 
and Selected Payload Documentation 


Instruments Identified in SUSS for Sortie Missions 
« X-Ray Astronomy 

Large-Area X-Ray Detector with Concentrator 
Large-Area Proportional Counter Array 
High-Energy X-Ray Scintillation Counters 
X-Ray Telescopes 

- low-energy (0.6 m) 

- high-resolution imaging (0.6 m) 

Hard X-Ray Imaging Detector 

Bragg Crystal Spectrometers and Polarimeters 

Broadband Si (Li) Spectrometer 

e Gamma -Ray Astronomy 

High-Resolution Gamma -Ray Ge(Li) Spectrometer 
Liquid Xe Proportional Counters 
Double Compton Telescope 
Large-Area, High-Energy, Gamma-Ray Telescope 
High-Resolution, High-Energy, Gamma-Ray Telescope 
Large-Area, Actively-Shielded Scintillation Counters 

• Cosmic-Ray Astronomy 

Ionization Calorimeter 
Magnetic Spectrometer 
Large-Area Cerenkov Detectors 
Large -Area Proportional Counters 
Transistion Radiation Detector 

Selected Payload Documentation 

A Program for High-Energy Astrophysics (1977-1988), NASA/Headquarters 
1974 

Design and Performance Specifications for HEAD Experiments A-1 , A-3, 
and C-1 

Phase B Definition Study for HEAD Experiment BXR-2 




i I - 


6SFC has also analyzed one of the gamma-ray instruments — the large-area, 
high-energy, gamma-ray telescope* The results of these previous analyses will 
be included in this study in the form of one payload which includes all three 
instruments. In order to complete the coverage of high-energy astrophysics 
requirements, we have selected a payload that is made up of the following 
two X-ray instruments and one gamma-ray instrument: 

e Large-Area Proportional Counter Array 

• Bragg Crystal Spectrometers and Polarimeters 

9 High-Resolution Gamma-Ray Ge(Li) Spectrometer 

Selected available documentation on these specific types of instruments is 
listed in Table 2-5. These two payloads, made up of six major instruments, 
provide a good representation of the requirements in this discipline. 

2.2.3 Astronomy 

The SUSS document divides the astronomy discipline into infrared astronomy 
and optical and visible astronomy. Naturally, the principal instruments iden- 
tified are telescopes. Table 2-6 lists the various telescopes and other in- 
struments discussed in the SUSS document. The SSPDA tabulations list thirty- 
three astronomy ‘payloads that include these telescopes plus some )ther 
astronomical instruments. A number of the payloads are combi naticns of 
smaller telescopes and instruments. The focal plane instrumencacion for the 
telescopes that is of primary Interest so far as NIM/CAMAC equipment is con- 
cerned, is similar for the various telescopes. 

A 1.0-meter, optical and ultraviolet telescope facility was analyzed in 
the Bendix study. We have therefore selected the 1.0-meter Shuttle IR Tele- 
scope Facility (SIRTF) for analysis here. The five IR instruments listed in 
Table 2-3 have been chosen as a typical complement of focal plane instrumen- 
tation for SIRTF. The documentation that defines the SIRTF payload is indi- 
cated in Table 2-6. 

2.2.4 Solar Physics 

The SUSS document identifies the instruments listed in Table 2-7 as 
required for solar physics investigations in the sortie mode of Shuttle oper- 
ations. The focal plane instrumentation for the telescopes constituting the 
solar telescope cluster is very similar to that found in the astronomy 
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Table 2-6. Astrononiy Instrumentation and 
Selected Payload Documentation 

Instruments Identified in SUSS for Sortie Missions 

9 Infrared Astronomy 

1.0-Meter Cooled Telescope 
2.5-Meter Cooled Telescope 

1.0- Meter Ambient Temperature Telescope 

3.0- Meter Ambient Temperature Telescope 

10-Meter Baseline Interferometer (Two 1.0-Meter Telescopes) 

1 -Kilometer Baseline Interferometer 

9 Optical and Ultraviolet Astronomy 

1.0- Meter Diffraction-Limited Telescope 
0.5-Meter General Purpose Telescope 
0.75-Meter UV Survey Telescope 

1. 0-Meter Deep-Sky Survey Telescope 

1.0-Meter Wide-Field Telescope 
Very-Wi de-field Camera 
Solar Variation Monitor 

Selected Payload Documentation 

SIRTF Review Presentation, Hughes Aircraft, 1975 

Design Study for Shuttle Infrared Telescope Facility, Report No. 11888, 
Per kin- Elmer, 1974 


18 


Table 2-7. Solar Physics Instrumentation and 
Selected Payload Documentation 

Instruments Identified in SUSS for Sortie Missions 

• Solar Telescope Cluster 

1 . 0-Meter Optical Telescope 
EUV Telescope 
X-Ray Telescopes 

• High-Energy Instrumentation 

Proportional Counters 
Scintillation Counters 
Solid-State Detectors 
Bragg Spectrometer/Pol arimeter 

Selected Payload Documentation 

Design and Performance Specifications for ATM Experiments 

S-052, CP22876, Ball Brothers Research Corporation 
S-054., ASE-1600-C, American Science and Engineering 
S-055A, CP29540, Ball Brothers Research Corporation 
S-056, 50M16609, NASA/MSFC 

S-082A, CP25905, Ball Brothers Research Corporation 
S-082B, CP25100, Ball Brothers Research Corporation 
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telescopes. The high-energy instrumentation is essentially identical to the 
X-ray and gamma-ray instruments used in high-energy astrophysics. The SSPDA 
tabulations list fourteen solar physics payloads which again amount to various 
combinations of the SUSS instruments for the most part. 

One of the SSPDA payloads is a Spacelab version of the Skylab ATM instru- 
ment cluster. Since these instruments are a very representative sample of 
solar physics instrumentation and very complete documentation is available for 
them, it was recommended by JSC at the orientation briefing for this study 
that this payload be analyzed as the representative of the solar physics 
discipline. Thfi six ATM instruments are listed in Table 2-3 and the docu- 
mentation describing them is listed in Table 2-7. 

2.2.5 Life Sciences 

The discussion of the life sciences discipline in the SUSS document 
emphasizes the importance of a flexible, laboratory-like facility for Shuttle 
sortie missions. General requirements and characteristics are specified for 
the life sciences laboratory, but very little specific instrumentation is 
defined or identified. The SSPDA tabulations list five life sciences sortie 
payloads. One of these, the Life Sciences Shuttle Laboratory, is clearly the 
facility that corresponds to the concepts presented in the SUSS document. 

This payload, as well as the so-called minilabs and carry-on labs, has been 
defined in a series of studies performed by Convair/General Dynamics for 
NASA/MSFC, These studies are documented in a series of reports all entitled, 
"Life Sciences Payload Definition and Integration Study," GDC- DBD7 2-002, 1972j 
CASD-NAS-73-003, 1973j and CASD-NAS-74-046, 1974. We have selected the 
30-Day Dedicated Laboratory as the most all-inclusive version for analysis 
in this study. 
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2.3 Appu: CATIONS DISCIPLINES 

2.3,1 Earth Observations and Earth and Ocean Physics 


The SSPDA tabulations list a total of twenty-six payloads in these dis- 
ciplines. Most of these payloads are composed of a variety of remote sensing 
instruments operating in the microwave, infrared and visible portions of the 
electromagnetic spectrum. The types of instruments identified are given in 
Table 2-8. The one exception to the general classification of these instru- 
ments as remote sensing instruments is the Zero-G Cloud Physics Laboratory, 
which is unique as a manned-laboratory-type facility among the payloads 
defined for these disciplines. As previously mentioned, Skylab versions of 
two of these instruments were analyzed in the Bendix study — a thirteen-band 
multi spectral scanner and a microwave scatterometer. 

As a representative payload for these disciplines, we have selected a 
combination of remote sensing instruments listed in Table 2-3. Three dif- 
ferent types of remote sensing instruments are included in addition to the 
two instruments studied by Bendix. In addition, a complement of typical 
camera systems is included. The documentation used in this study consists 
of the reports from a series of TRW studies performed of NASA/MSFC under 
contract NAS8-28013. They are identified in Table 2-8. 

2.3.2 Space Processing 

The SSPDA tabulation lists sixteen payloads in this discipline. These 
payloads consist of different combinations of the five equipment groups 
listed in Table 2-3. We have selected the dedicated, manned version of this 
payload for analysis. It includes all five equipment groups used in the 
various payloads. The space processing payloads are described in two reports 
from a series of studies performed for NASA/MSFC by TRW under contract NAS8- 
28938. These are: "Requirements and Concepts for Materials Science and 
Manufacturing in Space Payload Equipment Study," TRW, 1973', and "Space 
Processing Applications Payload Equipment Study," TRW, 1974. 
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Table 2-8. Earth Observations and Earth and 
Ocean Physics Instrumentation and 
Selected Payload Documentation 


Instruments Identified in SSPPA for Sortie Missions 

Multi spectral Scanners 
Scanning Microwave Radiometers 
Microwave Scatterometer 
Synthetic Aperture Radar 
Laser Radar (Lidar) 

Infrared Radiometers and Sounders 
Film Cameras 

Zero-G Cloud Physics Laboratory 
Selected Payload Documentation 

Mission Requirements for a Manned Earth Observatory* TRW, 1973 
Sensor Development on Shuttle Sortie Missions, TRW, 1974 
Atmospheric Research Using Space-Borne Lasers, ESRO, 1974 
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3. FUNCTIONAL ANALYSIS OF THE SELECTED 
SHUTTLE PAYLOADS (TASK 2) 

3.1 GENERAL DESCRIPTION 

The purpose of Task 2 was to perform a ‘.“ir.tional analysis of the 
representative Shuttle payloads selected in ' k 1 to determine the appli- 
cability of NIM and CAflAC equipment to the control and data management 
system (CDMS) functions of the instruments in these payloads. 

The functional analysis of the data acquisition and experiment con- 
trol requirements for the selected payloads/experiments is subdivided into 
four tasks; 

Task 2A - Analyze Experiment Functional Requirements 

® Establish experiment instrumentation requirements. 

9 Compile instrumentation details, 

• Analyze functional requirements. 

« Develop a system design that partitions data acquisition and 
control system functions for NIM/CAMAC implementation. 

Task 2B - Analyze NIM/CAMAC Suitability 

• Review manufacturers' functional specifications. 

• Determine suitability of available NIM/CAMAC equipment to meet 
the experiment functional requirements. 

• Identify modified and custom-designed NIM/CAMAC modules required. 
Task 2C - Tabulate NIM/CAMAC Applicability 

Task 2D - Analyze NIM/CAMAC Commonality 

The results of Tasks 2A and 2B will be reported on first in Sections 

3.2 through 3.8 in which each of the seven representative payloads is dis- 
cussed individually. Section 3.9 contains the results of Tasks 2C and 2D 
for the entire set of payloads. 

In reviewing the payloads seJected for analysis in Task 1, two catego- 
ries are apparent. Most of the payloads were really clusters of individual 
instruments, each of which performs an essentially separate scientific 
inquiry. It is only the commonality of their scientific regions of interest 
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which associates them into a payload. The CDHS requirements for each 
of these instruments are generally independent of the requirements for the 
other instruments within the payload. Two of the payloads, on the other 
hand, were found to be what might be termed laboratories. All of the 
Instruments in these play an Interrelated role In pursuing a common piece of 
scientific research. This affects the CDMS requirements for these payloads 
in that the signals being processed for one instrument in the laboratory 
frequently feed back and determine the mode of operation of another instru- 
ment. 

Those payloads which were considered to be instrument clusters are: 

® ATM experiments 

® IR telescope 

® X-ray/gamtna-ray pallet 

0 AMPS 

® Earth observations. 

Actually, some of the AMPS experiments, particularly the electron 
accelerator, verge on being laboratories in their own right. 

The two payloads considered to be laboratories are; 

• Space processing applications 

e Life sciences. 

These are discussed at the end of this section. 

3.1.1 NIM and CAM AC in Space! ab 

As each of the payloads is analyzed in the sections of the report 
which follow, a common overall configuration for the CDMS will be assumed 
in each case. This configuration is shown in a simplified form in Figure 
3-1. The actual payload instruments are indicated on the right side of 
the diagram. The signals from these are interfaced either directly into 
CAMAC modules or first through NIM equipment for initial processing and 
then into CAMAC. Control signals and some power supply voltages for the 
instruments are fed back to them from the NIM and CAMAC modules. Each of 
the modules in the CAMAC crates talks to the controller for that crate via 
the crate data bus, known as the dataway in CAMAC systems. The crate con- 
trollers, in turn, are connected to a bidirectional data bus that is called 
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General Space! ab CDMS Configuration 
Using NIM/CAMAC Equipment 


PAYLOAD INSTRUMENTS 



a branch highway in CAMAC systems. This branch highway connects to the 
computer controlling the system via an interface unit that is known as 
a branch driver in most CAMAC systems. The CAMAC standards define the com- 
munication protocol throughout the system up to the branch driver. Both 
parallel and serial branch highways are defined by the standards. The 
detailed characteristics of the branch driver depend upon the computer to 
which it is interfaced;. 

In the case of Space! ab, a number of options are possible for the 
interconnection between the CAMAC equipment and the Space! ab CDMS. The 
CAMAC system could be interfaced at an experiment remote acquisition unit, 
at an experiment data bus interconnecting station or at the experiment 
computer input/output unit. It is also perfectly feasible to control the 
CAMAC system with its own minicomputer, which in turn communicates with 
the Space! ab experiment computer. In first order, these alternatives do 
not affect our analysis of the applicability of NIM and CAMAC equipment 
since they are only reflected in the details of the CAMAC branch driver. 

The adaptibility of CAMAC systems to a wide variety of interfaces and 
overall system configurations has been well demonstrated in a diversity of 
ground-based applications. 

The determination of the optimum interface between the Space! ab CDMS 
and CAMAC systems is not within the scope of this study since it does not 
significantly affect the applicability of NIM and CAMAC equipment to shuttle 
payloads. Consequently, as each of the payloads is analyzed in the sec- 
tions that follow, the block diagrams will only show the systems up to the 
crate controller and an appropriate overall CDMS structure, such as that 
shown in Figure 3-1, will be assumed. 

In Figure 3-1 we also show a keyboard and display scope (CRT) coupled 
to the CDMS via CAMAC. TheSpacelab CDMS provides keyboard and display 
capability, which we assumed would normally be used. Should supplemental 
capability be required, CAMAC is ideally suited to implement this function. 
There are a wide variety of commercial modules available that are designed 
specifically for the control of cathode ray tubes and the operation of key- 
boards. Some of the functions provided in the CRT modules are: 
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• Sweep synchronization and timing 

• Character and vector (graphic) generators 

0 X-Y-Z display modules 

0 Light pen modules. 

A complete list of the modules available for these functions is given 
under Product Codes 143 and 144 of the CAMAC Product Guide in Appendix I. 

In all of the payload analyses in the sections that follow* the capa- 
bility to input instructions to the computer from a keyboard and dispay 
computer-processed data on a CRT is assumed. 

While CAMAC can be used to generate alphanumeric and graphic displays, 
it is not suitable for handling conventional video (i.e. , television) disr 
plays. Some of the instruments that were analyzed do require video displays. 
We have assumed that the closed-circuit television capability provided by 
Spacelab will be used to satisfy those requirements. 

Finally, some general comments are in order regarding low- voltage 
power supplies. In both NIM and CAMAC equipment, the individual modules 
in each crate are powered by a common power supply that provides standard . 
voltages (i.e.,' + 24 volts, + 12 volts, and + 6 volts) via the back plane 
connectors. The crate or bin power supply is normally attached to the back 
of the crate or bin and operates from conventional AC input power. Two 
input power options are available in Spacelab (28-V DC or 115/200-V AC, 

400 Hz, 3 phase). Since the power supply requirements for all NIM and CAMAC 
modules are standardized, the power supplies will have the highest common- 
ality of any NIM and CAMAC equipment. Therefore, it is generally conceded 
that the development of a standard power supply for NIM and CAMAC equipment, 
which is optimized for Spacelab applications and constraints, is the most 
reasonable approach. In this study, we have assumed that such ah approach 
would be taken and do not specifically address this area any further in the 
analysis of NIM and CAMAC equipment applicability. 

3.1.2 Format of the Instrument Analyses 

The analyses of individual instruments and categories of instruments 
in Sections 3.2 through 3.8 all follow the same general outline. The .func- 
tions of the instrument are first explained followed by a description of 
its CDMS requirements. Next, a functional block diagram showing the 
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implementation of the CDHS with NIM and CAMAC is presented. The analysis 
of each instrument concludes with a table of the types of NIM and CAMAC 
equipment required in the CDMS for that instrument. A tabulation of the 
numbers of each type of NIM and CAMAC modules required for each instrument 
in a given payload, as well as the totalized requirements for the payload, 
is given at the end of each section. 

Several comments about the NIM and CAMAC equipment summary tables for 
each instrument should be made. The left-most column of each table lists 
the various elements in the control and data management system together 
with the specific functional types of modules required for implementation. 

In the case of CAMAC equipment, the second column lists the product 
code for each type of CAMAC module. The CAMAC product codes are defined 
in the CAMAC Product Guide, which appears in each issue of the CAMAC 
Bulletin published by the European Standards on Nuclear Electronics (ESONE) 
Committee. The most recent edition of the CAMAC Product Guide, reproduced 
from Issue No, 14 of the CAMAC Bulletin (December 1975), is contained in 
Appendix I of this report. The CAMAC Product Guide organizes all of the 
available CAMAC products into functional groups, each of which is designated 
by a three-digit product code. 

As can be seen from the CAMAC Product Guide, many versions of each 
type of module (i.e., each product code) are available from a number of 
suppliers. The detailed specifications for each particular module natural- 
ly vary. The same thing is true for NIM equipment, but, unfortunately no 
corresponding tabulation of NIM equipment exists so the designation “NIM" 
is all that is used in the product code column. Our own classification 
of NIM modules by functional type will be used in the summary tabulations. 

A list of NIM equipment manufacturers is distributed by the U.S. NIM Com- 
mittee and the most recent issue (September 1973) is reproduced in Appen- 
dix II. 

By specifying the p'^oduct code for the CAMAC modules, the equipment 
of many different manufacturers is implied. However, the third column 
of each of the tables Is used to give a specific example of the module 
required by listing actual model numbers and their manufacturers. These 
examples are noted very cryptically but a more complete description is 
given in the CAMAC Product Guide. No particular effort was made to spread 
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the choice of specific modules evenly over the many manufacturers of NIM 
and CAMAC equipment. To keep the effort of specifying modules to a mini- 
mum the same modules and manufacturers were used frequently. 

Finally, it should be noted that many NIM modules and almost all CAMAC 
modules are multichannel devices. Specific cases are noted in the comment 
column of the tables. This has been taken in account in the summary tabu- 
lations of NIM and CAMAC equipment at the end of each section. 
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3.2 SKYLAB ATM EXPERIMENTS 

During the Skylab mission a collection of instruments for solar ob- 
servations were mounted in the Apollo Telescope Mount (ATM). The ATM pro^ 
vided rough solar pointing for the instruments and a stable platform from 
which to make observations. Since the ATM instruments represent a good 
cross section of the instruments that will be used for solar studies aboard 
the Space Shuttle, an analysis of how their control and data management 
functions might have been implemented with NIM and CAMAC equipment is very 
relevant to potential Spacelab use of such standards. For this reason, 
six of the ATM experiments were selected for analysis in this study. 

Table 3-1 lists the six instruments to be analyzed in the study. In • 
addition to showing the '‘S“ designator by which each experiment was known 
in Skylab, the figure also delineates some of the essential aspects of 
each experiment. 

Figure 3-2 shows the sun end of the ATM canister and the relative 
mounting positions of the ATM experiments within the canister. 

3.2.1 White Light Coronagraph 

3. 2. 1.1 Experiment Description 

The purpose of the white light coronagraph experiment (WLCE) aboard 
Skylab is described in Specification CP22876 of the Ball Brothers Research 
Corporation. The material in this section is excerpted from that document. 

The WLCE was designed to perform K corona measurements of the Sun to 
support studies of the intermediate and outer corona (2Ro<R<6Ro). This is 
the region where coronal streamers are defined and the coronal gas is ac- 
celerated to become the solar wind. 

Figures 3-3 and 3-4 show the basic structure of the instrument. The 
primary sensor' is the film camera which records the coronal images on 35 mm 
photographic film. A TV camera is supplied for visual monitoring of the 
system but the experiment CDMS is not responsible for processing the video 
data. 

The camera system operates in four distinct modes as summarized below. 
The choice of operating mode is made by manual inputs from the astronaut. 
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Table 3-1. ATM Instruments 
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White Light Coronograph 


Looks at solar corona 4900 A to 5900 A 
Film camera and diode matrix 


Pointing error sensor 
Rotating polaroid 
Occulting disk 


Spectrograph! c Telescope 


Soft X-ray solar spectrum 

Camera with diode array 

a Grating 
a Filters 

Image dissector tube and visual display 
Photomultiplier flare detector 


UV Spectroheliometer 


296 A to 1342 A 


Seven photoelectric detectors 
Grating scan 
Quad zero-order detector 
Primary mirror raster scan 


Telescope 


2 A to 33 A 


Camera with diode matrix 


X-ray event monitor 

a A1 proportional counter 
a Be proportional counter 



Coronal images 150 A to 650 A 
Camera with diode matrix 
Two-position grating 



Solar line spectrograms 970 A to 3940 A 
Camera with diode matrix 


Primary mirror controlled 
Two-position predisperser grating 
X-ray and visual monitor cameras 
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standard Patrol Mode . A camera shutter operate pulse shall occur every 
five seconds. The duration of the pulses which control exposure time shall 
sequentially vary from 9 seconds to 27 seconds to 3 seconds. After the 
complete sequence of three different shutter control pulses, the polariza- 
tion wheel mechanism shall be automatically commanded to advance one posi- 
tion. The sequence of pulses shall repeat until all combinations of three 
shutter exposure times and four polarization wheel positions have been 
utilized for 12 exposures. The camera programmer shall then stop automati- 
cally. 

Extended Standard Patrol Mode . This shall be the same as the standard 
patrol mode described above, except the sequence shall continue for 36 
exposures. 

Fast Scan Mode. In this mode the shutter operate pulse duration will be 
approximately 27 seconds, 3 seconds and 9 seconds, and shall repeat cycli- 
cally in that order. 1/2 second pause time shall occur between each pulse 
during the duration of the complete scan. The polarization wheel shall be 
driven to the clear position at the start of the fast scan mode and shall 
remain in this position during the nominal sequence of 72 exposures. The 
camera programmer shall automatically stop at the end of the sequence. 

Continuous Patrol Mode. In this mode the shutter operate pulse durations 
will be approximately 9 seconds, 27 seconds, and 3 seconds. Each shutter 
operation shall occur every 27.5 seconds, including shutter operation time, 
and shall repeat cyclically in that order throughout the duration of the 
complete scan. The polarization wheel shall be driven to the clear posi- 
tion while in the continuous patrol mode. The camera shall stay in the 
continuous patrol mode indefinitely or until a manual stop pulse is given. 

3 . 2 . 1 . 2 CDMS Implementation with N I M/ CAM AC 

Almost all of the data that must be handled by the CDMS for this 
experiment is housekeeping in nature. There is a digital data requirement 
to control the camera diode matrix and several stepper motors. Also ana- 
log data from the alignment error sensors must be processed. The control 
system must allow for the choice of operational mode and for closing up 
the system in the event of extreme pointing error. The status of the ex- 
periment including the current operational mode must be displayed for the 
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This CDMS is implemented with ten functional system elements described 
below: 

Camera Prog rammer v Controls the operation of the film camera including 
implementing the four operational modes as requested. 

Camera Diode Matrix Drive. Supplies 73 bits of information to the camera 
diodes for recording on the film frames. This information consists of: 

« One bit, matrix position identification 
9 Twenty-five bits, ATM time of exposure 
« Nina bits, ATM roll attitude 

• Sixteen bits, internal alignment error angle 

• Sixteen bits, pointing error angle 

• Two bits, polarization wheel position 
e Two bits, camera exposure time 

• Two bits, mode identification 

Internal Occulting Disk Drive . Controls the two motors which position the 
internal occulting disk of the coronagraph. 

Polarization Wheel Drive. Controls the motor positioning the Polaroid. 

Pointing Error and Internal Error Discriminator and Digitizer . The purpose 
of this system is to process the analog error signals coming from the in- 
strument in order to control the occulting disk and the aperture door. 

Thermal Shield Aperture Door Drive . This system generates a signal to 
close the aperture door in the event of gross pointing errors. 

Control and Display System . This system must provide the capability to 
select any of the modes of operation of the system and displays signals 
such as "Experiment Ready" and ^'Mode Complete". 

TV Mirror Drive . This system moves the TV mirror into and out of the light 
path. 

Thermal Control System . This system actively controls the absolute temp- 
erature of critical parts of the instrument to 21+3‘’C. 

Power Supply. This system supplies all power required to operate the in- 
strument including jJOVDC regulated to 0.1 percent for the temperature 
control system. 
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This section shows two functional block diagrams for the control and 
data management system (Figures 3-5 and 3-6). The first is the system 
diagram from the specification document for the actual Skylab instrument 
(CP22876, 3BRC). Boxes have been drawn in and numbered to indicate the 
ten system elements identified in the previous section. The second block 
diagram shows the implementation of the same system using CAMAC hardware. 
The details of the CAMAC implementation are covered in the table of the 
following section. 

As can be seen from the block diagram no use was found in this ex- 
periment for NIM equipment. This is consistent with the fact that most 
of the CDMS requirements are of a housekeeping nature for which NIM is 
not particularly suited. 

Another detail to note in the block diagram is that, for all the 
motors that are controlled, a "zero" position is sensed via an input 
register and the position of the motor is thereafter tracked by the 
computer memory of how many pulses have been sent to the motor driver. 

Table 3-2 shows the detailed equipment requirements to implement the 
WLCE/CDMS with a NIM/CAMAC interface system. The system elements in the 
table correspond to the CDMS requirements previously listed. 

By including a computer in the control loop many of the functions 
which had to be implemented by discrete circuits in the Skylab instrument 
are handled by computer software in the NIM/CAMAC system. Thus, the 
logic circuitry is generally replaced by computer software. 

It should also be noted that any control (i.e., input commands) and 
display functions required by the instrument are implemented with equip- 
ment provided as part of the computer system {as would be the case if this 
instrument were to be flown on Space! ab). The comments of Section 3.1.1 
address the implementation of these functions with CAMAC interface equip- 
ment. 

3.2.2 X-Ray Spectroscopic Telescope 
3-2. 2.1 Experiment Description 

This instrument was built for Skylab by American Science and Engineer- 
ing. The material in this section describing the purpose and operation 
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Figure 3-5. ATM Experiment S-052 Electronic Subsystem 
Block Diagram 
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Table 3-2. NIM/CAMAC implementation of WLCE 



CAMAC 

Specific 


System Element 

Product Code 

Exampl e 

Comments 

Camera Propraiwner 

Output Driver 

133 

0D16U 

All camera programming 

Input Register 

121 

NE7059-1 

would be handled by 
computer. 

Camera Matrix Driver 

Output Driver 

133 

0D1614 

Three units required. 


Internal Occulting 
Disk Drive 


Stepping Motor Drive 

145 

KS3360 Two motors to be driven 

Input Register 

121 

NE7059-1 Share register above. 

Polarization Wheel 
Drive 



Stepping Motor Drive 

145 

KS3361 

Pointing & Internal 
Error 



Analog Signal 


NE9026 

Commutator 

164 

ADC (8 bit) 

161 

NE7028 

DAC (8 bit) 

162 

D0200-1512 


Thermal Shield 
Aperture Door 


Output Driver 

133 

0D1614 

Use same register as 
Camera Programmer. 

TV Camera Mirror Drive 

Stepping Motor Drivers 

145 

C-ST-4WE 

(two required) 

Input Register 

121 

NE7059-1 

Share register above. 

Thermal Control System 

Multiplexer 

164 

KS3510 

Proportional heater con- 

ADC (8 bit) 

161 

KS3510 

trol loop is closed in 

DAC 

162 

KS3110 

the computer. 
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of the experiment is excerpted from their Design and Performance Specifi- 
cation Document, ASE-1600-C. 

The primary purpose of the experiment was to study solar emission in 
the soft X-ray spectrum with a spectral resolution of a fraction of an 
Angstrom, a spatial resolution of two arc seconds, and a temporal reso- 
lution of one second. 

The measurements were performed with a telescope assembly consisting 
of a soft X-ray transmission grating, an image forming soft X-ray tele- 
scope and a film camera. The transmission grating was positioned in the 
optical path to disperse a portion of the incident radiation. Both the 
undispersed image and the dispersed X-ray spectra were recorded on the 
70 mm film of the camera. In order to also gather data during non-flare 
periods the instrument was equipped with appropriate filters in a filter 
wheel assembly. These were substituted for the grating upon command and 
allowed the production of broad-band X-ray photographs of the sun in se- 
lected regions of the X-ray spectrum. Finally, the experiment included 
an electronic imaging system to provide positional information on solar 
flare activity allowing boresighting of the optical axis of the telescope 
to the region of activity on the solar disc. 

The camera in the system operated with shutter speeds of 1/64 to 
256 seconds and a luminescent matrix of diodes recorded information about 
the time and duration of the exposures, the grating position and the 
filter position. 

A temperature control system was also included in the instrument to 
maintain constant temperature throughout and thereby preclude thermal mis- 
alignment of any of the optical elements in the system. 

3. 2. 2. 2 CDMS Implementation with NIM/CAMAC 

There are four types of data that must be handled by the CDMS for 
experiment S-054. The sources of this data can be seen in the overall 
system diagram (Figure 3-7). The first type is the 10" to 10" ampere 
analog signal coming from the photomultiplier tube used to detect X-ray 
flares. The second is the 3' to 5 volt pulses from the image dissecting 
photomultiplier tube, and the third is the housekeeping data associated 
with operating the camera system. The fourth type of data is that 
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necessary to control the thermal environment of the X-ray telescope and 
detector system. 

The CDMS to handle this data is made up of the following system 
elements: 

Photomuliplier System . ^Figure 3-8) This system element is made up of 
sub-elements for flare detection and pulse height analysis. Flares are 
detected by soft X-ray monitoring which is also used for automatic con- 
trol of the camera and exposure. The pulse height analyzer monitors and 
processes data on solar activity In the energy range of 10 to 100 Kev. 

Imaging System . {Figure 3-9) This system is used to locate flare activi- 
ty and provide a display to the astronaut so he may align the telescope 
on the flare. The system must provide control signals to the image dis- 
sector tube and process the data for display on the CRT. 

Camera System . (Figure 3-10) The CDMS must provide shutter and film ad- 
vance control signals to the camera. It must also provide the signals 
necessary to activate the diode array which records such information as 
grating and filter position on the photographic film. Additionally the 
CDMS must convey information on camera operation to the telemetry system. 

Temperature Control System . This system senses and regulates temperatures 
within the telescope assembly and monitors Telescope, Camera and Tempera- 
ture Control Assembly temperatures for telemetry. 

Experiment Checkout Equipment . Several pulse generators and a voltage 
generator are provided in order to periodically verify the correct opera- 
tion of the other electronic systems. 

Other Systems. The instrument requires several additional small system 
elements to perform such functions as multiplexing analog signals, con- 
trolling the grating position and placing the correct filter in front of 
the camera. The instrument also requires both low and high voltage power 
supplies. 

Control and Display System . The CDMS must provide for manual selection 
of the various operational modes of the instrument and other required 
manual inputs. It must also provide for display of various types of in- 
strument status information such as grating status, camera film remaining 
and filter position. 
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Figure 3-9. ATT'I Experiment S-054 Imaging Subsystem 





Figure 3-10. ATM Experiment S-054 Camera Control Function 







The following pages include the block diagram for the overall S-054 
experiment and more detailed block diagrams for the photomultiplier, 
imaging and camera subsystems. These detailed block diagrams show the 
system as it was built for Skylab. The camera subsystem in particular 
would be handled much differently if the system were to be implemented 
with a computer-controlled CAMAC system. The last block diagram in the 
section (Figure 3-11) shows the camera control function as it would ap- 
pear in a CAMAC implementation of the CDMS. A comparison of this diagram 
with the preceding Figure 3-10 showing the Skylab implementation of 
camera control with discrete circuits demonstrates the extreme simplifi- 
cation possible in the CDMS using a computer controlled CAMAC system. 

The primary reason for this simplication is that in the CAMAC system the 
computer software performs the majority of the control functions that had 
to be hardwired into the Skylab system. 

Because the implementation of the other subsystems with NIM and CAMAC 
hardware is fairly straightforward, separate block diagrams for these are 
not shown. The details of the equipment required for this implementation 
are presented. in Table 3-3. However, as mentioned in the previous sec- 
tion, there are many cases, in particular the camera control subsystem, 
where the entire function can be implemented with CAMAC hardware but the 
details of the implementation are considerably different from Skylab 
because of the addition of the computer to the control loop. Several of 
these cases are commented on in the table. Where there is no CAMAC equi- 
valent of a required hardware element this is indicated in the product 
code column by a "NONE". 

3,2.3 Ultraviolet Scanning Spectroheliometer 

3. 2. 3.1 Experiment Description 

The purpose of this instrument is to photoelectrically measure the 
intensity of a portion of the solar spectrum from a near earth orbit. 

The instrument consists of a telescope subsystem to collect the solar 
radiation and a spectrometer subsystem to analyze the wavelength compo- 
sition of the radiation. Also included is an electronic subsystem for 
functional and thermal control of the instrument. Seven photoelectric 
detectors are arranged on the Rowland circle of the spectrometer grating 
which can be rotated to provide a wavelength scan of the spectral regions 
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Table 3-3. NIM/CAMAC Implementation of X-Ray Telescope 


CAHAC 

System Element Product Code 


Photomultiplier System 


Flare Detection System 


ADC {10 bits) 

161 

Exposure Counter 

111 

(10 bit) 


Buffer (10 bit) 

133 

Discriminator 


Logarithmic Preampli- 

None 

fier 


Low- Pass Filter 

None 

Low-Pass Filter 

None 


Pulse Height Analyzer 


Comparator 
One-shot inhibit 
Analog Threshold Generator 
512-Hz Generator 


Binary Counter (10 bit) 

in 

Buffer (10 bit) 

133 

Video Preamplifier 

None 

ADC 

161 

Linear Gate 

NIM 

Imaging System 


Frequency Divider 

111 

(72 kHi) 


X/Y Address (6 bit) 

111 

D/A Converter (6 bit) 

162 

ID Test Source Counter 

111 

(6 bit) 


Intensity Counter 

111 

(10 bit) 


Buffer (10 bit) 

133 

CRT Electronics 

144 

Intensity Modulation 

144 

Assembly 


Preamplifier Shaper 

None 

Deflection Amplifier 

None 

Peak Deflection 

None 

Monitor 



Specific 


Example 

Comments 

B01243A 

Requires < 7-msec conver- 
sion. 

B01002 

Use other one-half for 
intensity counter below. 

0D1614 


(10"^° - 10"® A input) 


12- Hz cutoff 
140-Hz cutoff 


In a CAMAC system, the 
PHA would not be imple- 
mented with these discrete 


components but with an ADC 

B01002 

0D1614 

as shown below 

NE7028-1 

Use computer to do pulse 
height accumulation. 

SRI 605 

One-fourth of Quad unit. 

SR1605 

One-fourth of Quad unit. 

D0200-1513 
SRI 605 

One-fourth of Quad unit. 

B01002 

Other one-half of expo- 
sure counter above. 

0D1614 

FDD2012 

An XYZ scope display 
driver system 
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Table 3-3. NIM/CAMAC Implementation of X-Ray Telescope (continued) 


CAMAC 

Specific 


System Element Product Code 

Exampl e 

Comment 


Camera System 

Mechanical Picture 
Counter 

X-Ray Shutter I 
Indicator 
Exposure Range 
Sequence Control 
X-Ray Alert Threshold 
Picture Rate Control 
Picture Sequence 
Control 

Preset Exposure 
Regi ster 
Shuttle Duration 
Comparator 


Camera Control 


Twelve-Second Delay 

133 

Filter Position Buffer 

121 

Grating Position 


Buffer 

133 


Shutter Clock Control 
Shutter Duration Counter 
Store Pulse Interlock 
Binary Picture Counter 
Fast Buffer 
T/M Buffers (2) 


Because of the computer 
available in the CAMAC 
implementation of the CDMS, 
the Camera System would be 
handled quite differently 
from the original experi- 
ment, As shown in the 
block diagram, the CAMAC 
system would have exten- 
sive computer control of 
all camera functions. 


Output Driver for Camera 
NE9002 Commands . 

NE7059-1 Input Register for Camera 
Signals. 

0D1614 Driver for Diode Array, 


Temperature Control System 


Multiplexer 

164 

KS3510 Use Computer to close the 

control . 

ADC (8 bit) 

161 

KS3510 Loop on proportionally 

controlled heaters. 

DAC's 

Experiment Checkout 
Equi pment 

162 

KS3110 

ECE Pulse Generators (2) 
Counter Check Pulse 

131 

NE7019 

Generator 

131 

NE7019 

ECE Voltage Generator 

162 

DO 200-1513 
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Table 3~3, NIM/CAMAC Implementation of X-Ray Telescope (continued) 


CAMAC Specific 

System Element Product Code Example 


Comment 


Other Systems 

Timing Circuits 
Subcommutator 
Subsystem 
Grating System 
Filter System 
Input Register 


Computer 

164 

145 

145 

121 


DO 200-1061 
KS3361 
KS3361 
NE7059-1 


Computer handles all 
timing. 

60-channel analog MUX. 
Stepper motor control . 
Stepper motor control , 
Share Register in 
Camera System 


of interest. Additionally, there is a zero order detector made of a 
quadrant of solar cells which will look at the zero order image of the 
grating and aid in centering the instrument on the solar disk. The de- 
tectors are guarded by an ion trap designed to prevent positive or nega- 
tive charged particles with energies equivalent to 40 electron volts or 
less from entering the detectors. 

In addition to the wavelength scans implemented with the spectro- 
meter grating, the instrument also performs spatial scans of the solar 
disk by moving the main telescope mirror to generate a raster pattern. 
Options available include the complete 60 line raster pattern, a 3 line 
raster and a repecited scan of a single raster line. The choice of 
option is made via command to the instrument. 

3.2.3 2 CDMS Implementation with NIM/CAMAC 

The control and data management system for this instrument must con- 
trol the grating and mirror drives, provide thermal control of the in- 
strument and process the instrument data. These functions are accomplished 
with eight system elements: 

Primary Mirror Drive. This circuit controls the motion of the paraboloidal 
telescope mirror about two axes to implement the raster scan patterns. 

It must be capable of implementing a 60 line, 3 line or 1 line raster pat- 
tern via comnand. 

Grating Drive . This system element must control the stepping motor which 
rotates the spectrometer grating .2, A/step over the range 296 to 1342 A. 
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It must include the ability to continuously scan the range, stop the 
grating at a reference position and perform one step at a tiire on command. 

Primary Data Handling . The primary data handling electronics count the 
pulses from the seven detectors during the 41 msec or greater integration 
periods. Between integration periods these data are presented to the ATM 
telemetry system in real time and in a parallel form at a sample rate of 
24 times/second. Additionally, data from one of two detectors (#1 or #3) 
selectable by command, are presented to the ATM control panel in BCD form 
for display and updated 1 to 4 times per second. 

Analog Monitoring. The instrument temperatures are monitored and pre- 
sented to the ATM telemetry system as analog voltages. The system also 
contains a 15 position subconmutator to provide additional system analog 
.iionitoring capability. This subcommutator is advanced once per second. 

Low Voltage Power Supplies . As designed for Skylab the CDMS contained 
two redundant low voltage power supplies which produced the following 
voltages: 

9 +15 VDC +5% regulation 
« jjl5 VDC ^ 0 .)% regulation 

• jyo VDC + ^% regulation 

• +5 VDC 2% regulation 
» +5 VDC +5% regulation 
§ +28 VDC +5% regulation 

High Voltage Power Supplies . Each of the seven photomultiplier detectors 
requires its own high voltage power supply. These turn off automatically 
if excessive detector current is detected or if the ATM door is closed. 

Test Pulse Generator . This system element allows in-flight checkout of 
the pulse electronics. It provides a choice of two frequencies (1,07 MHz 
and .53 MHz) for exercising the digital data system. 

Thermal Control Subsystem (TCS) . The TCS provides active thermal control 
of the instrument to maintain the temperature distribution in the instru- 
ment adequate for alignment stability and the temperature level adequate 
for focus stability. 

Control and Display System . Required control functions include an auto 
raster command, line scan command, line select up/down command and others. 
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Displays must be provided to show the state of the instrument* monitor 
the output of the zero order detector and alert the astronaut to any in- 
strument failures. 

Figure 3-12 shows the CDMS as it was implemented for the Sky lab ATM 
experiment (this is taken from Ball Brothers Research Corporation, 

Report #29540). Figure 3-13 shows the same system as it would be imple- 
mented using NIM and CAMAC hardware. The only major functional change 
in the NIM/CAMAC implementation is the addition of the control capability 
of the computer and the assumed capability of the computer system (see 
Section 3.1.1) to provide keyboard control inputs and CRT display capabil- 
ity. 

Table 3-4 summarizes the detailed list of equipment required to im- 
plement the CDMS for the UV Scanning Spectroheliometer with NIM and CAMAC 
equipment. All three stepping motor assemblies share an input register 
which identifies a zero position for the motor. Further definition of 
the motor position depends on computer counting of the steps through which 
the motor has been turned. As can be seen from the table, the computer 
in the NIM/CAMAC system supplies the control logic for all of data proces- 
sing, temperature control and instrument command functions. The NIM power 
supplies used for the channel multipliers are ideal in that their output 
voltage is totally controlled by a +11 volt input voltage. This control 
voltage is readily generated in the computer/ CAMAC system with a DAC thus 
putting the channel multiplier voltages directly under software control. 

3.2.4 X-Ray Telescope 

3. 2.4.1 Experiment Description 

This experiment was designed to gather data to enable a better under- 
standing of the physical processes occurring in the solar atmosphere, 
primarily in solar flares. The experiment utilizes two separate and in- 
dependent instruments to obtain complementary data. One of these instru- 
ments is an X-Ray Event Analyzer (X-REA) to provide spectral data (photon 

O 

intensity as a function of wavelength) in 10 bands from 2 to 20 A using 
proportional counters and pulse height analyzers. The other instrument is 
an X-Ray Telescope (X-RT), employing grazing-incidence optics to provide 
images of the solar target area in the form of X-ray filtergrams (images 
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Figure 3~12. ATM Experiment S-055A Electronic 
Subsystem Block Diagram 
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Table 3-4. NIM/CAMAC Implementation of Spectroheliometer 


CAMAC 

Specific 


System Element Product Code 

Example 

Comment 

Primary Mirror Drive 
Stepping Motor 

Drivers (2) 

145 

KS3360 

Two motors to be driven. 

Input Register 

121 

NE7059-1 


Grating Drive 

Stepping Motor Driver 

145 

WE C-ST-4 


Input Register 

121 

NE7059-1 

Share register above. 

Primary Data Handling 

16-bit Scaler (7) 

111 

NE9054 

12-channel 16-bit scaler. 

16-bit Output Buffer 

133 

0D1614 


Quad ADC {zero order) 

161 

KS3515 


Analog Monitoring 

15-channel MUX 

164 

KS3530 


High-Voltage Power Supplies 

Power Supplies (7) 

NIM 

ORTEC 456 

Controlled by +11 -V input. 

Power Supply Control 

^)AC) 

162 

JO D/A-12 


Test Pulse Generator 

131 

JW217 


Thermal Control System 

Multiplexer 

164 

KS351Q 


ADC (8 bit) 

161 

KS3510 


DAC's 

162 

KS3110 

Computer does proportional 
control loop for heaters. 

viewed in narrow wavelength 

intervals) in five 

o 

bandwiths from 5 to 33 A. 

A visible light filtergram 

is also obtained. 


The experiment operates in six modes which 

cover the expected range of 

variation in solar activity 

. There 

are two quiet sun modes and four active 


sun modes. Because the time scale of events during a flare varies greatly, 
active mode observations require additional latitude. This latitude is 
provided by three active modes and one automatic mode. These modes are 
specified below in material taken from the MSFC specification document for 
the experiment (50M16609). 
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Quiet Sun Modes . 

Patrol . In a patrol mode, six exposures will be made in sequence, 
one in each of the six filter positions. Each filter position will 
have a programmed exposure time. The filter bandpasses and exposure 
durations will be selected to correspond with flux levels expected 
from the "quiescent" sun. 

Single Frame . A single frame mode will provide the capability to 
make single exposures, with a selection of any one of the six filter 
positions. Exposure time will be that associated with the filter 
position, or as selected by manual capability to shorten or lengthen 
all exposure times. 

Active Sun Modes . 

Active I . An Active I mode will be used during initial stages of 
flare develn^^ment which is characterized by a fast rise time (less 
than one minute) in flux level to flare maximum. To allow short-time- 
constant event recording, exposures will be made in rapid sequence 
for five minutes. Three filters (numbers 1, 3, and 5) will be used, 
with exposure times selected to match the flux levels expected during 
flares. 

Active II . An Active II mode will use the same filters and exposure 
times as the Active I mode; however, the rate of exposures will be 
reduced to one set of three exposures (one at each filter position) 
per minute. This rate is compatible with the flare event time con- 
stants expected during flare maximum and initial stages of decay. A 
total of 60 exposures will be scheduled over 20 minutes. 

Active III . An Active III mode will also utilize the same filters 
and exposure times as the Active I mode. The exposure rate will be 
further reduced to one set of three exposures (one at each filter 
position) per 10 minutes, for 18 exposures over 60 minutes. 

Automatic . An auto mode will sequentially combine the three active 
modes for a total exposure time of 85 minutes. 
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3. 2. 4. 2 CDMS Implementation with MIM/CAMAC 

The block diagrain of the Instrument is shown in Figure 3-14 and 
Figure 3-15 shows a cutaway view of the X-ray telescope. The CDMS for this 
instrument must provide control of the camera, thermal control of the in- 
strument and the signal conditioning and buffering between various subsys- 
tem sensors and indicators for control and display purposes. It also must 
provide the pulse height analyzers, digital channel counters, signal con- 
ditions and power supplies required to detect, sort, count and record the 
pulses from the X-REA proportional counters. The CDMS can be broken into 
three major sy terns: the camera control system, the thermal control sys- 
tem and the data processing system for the X-REA. These systems and the 
elements that compose them are discussed below. 

Camera Control Electronic s. 

Filter Motor Drive . This element controls the filter wheel position 
and transfers filter wheel status information to the rest of the 
system. 

Shutter Motor Drive. This element controls the shutter including 
frequency and duration of operation. 

Film Advance Motor Drive . This motor drive controls the advancement 
of camera film between frames. 

Data Exposure Block . The data exposure block circuitry provides drive 
signals to mark the data on film {via a diode matrix). There are 44 
data inputs to the data block; a 25-bit shutter-open time code, 3-bit 
camera mode, 3-bit filter code, 2-bit multiplier code, and an 11 -bit 
shutter- closed code. 

Mode and Sequencing [Logic . The mode and sequencer logic circuitry 
provides command signals for exposure time, filter sequence and 
filter/shutter motor open-close signals. This circuitry also counts 
the number of frames in the various modes to stop the sequence and 
return to a ready condition for the next sequence. 

X-REA Electronics. The X-REA has two coaxial type proportional counters 
using xenon/methane and argon/methane gas mixtures, respectively, for beryl- 
lium and aluminum counters. The maximum count rate is 6000 counts/second 
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Figure 3-14. ATM Experiment S-056 Block Diagram 
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but an aperture control places a larger or smaller aperture over the 
window, thus keeping the count within limits of 32 to 2048 counts/second. 
The output of the counters feeds into charge sensitive preamplifiers which 
have an output proportional to the photon energy. It is the output of 
these preamplifiers that must be processed and interpreted by the CDMS. 

The elements necessary to do this are; 

Pulse Height Analyzers (PHA). There is one PHA for each proportional 
counter. The A1 PHA has four channels covering the 8 to 20 A wave- 

o 

length spectrum and the Be PHA has six channels for 2 to 8 A spectrum. 

Digital Signal Processor . This system element records the pulse 
height spectrum from the two proportional counters and makes this 
information available for telemetry and display purposes. Event 
frequency data is also used to supply control information to the 
aperture control systems of the two counters. 

Aperture Control . This element controls the apertures of the pro- 
portional counter based on the frequency information from the digital 
signal processor although manual cnoice of aperture is also provided 
for. The aperture value is provided as data to the rest of the 
system. 

Cal i brators . Two calibrators provide a pulse generator for each PHA, 
producing four and six-pulse levels, at a rate of 500 or 900 pulses/ 
second (per channel), to functionally check operation of the ampli- 
fiers, all channels of both PHA's and the counters of the digital 
signal processor. 

Ratemeter . This system determines the overall photon flux to the 
X-REA by summing the PHA channels and normalizing for the aperture 
size. It provides a logarithmic analog output voltage to the activ- 
ity history plotter in order to record the count rate. 

Activity History Plotter . This produces a hard copy record of the 
count rate over the range 10 Hz to 250 Hz. 

High Voltage Power Supplies . In addition to the low voltages re- 
quired to energize the circuits of the X-REA electronics, the pro- 
portional counters in this system must have high voltage power sup- 
plies. These will operate in the range of 1000 to 2300 VDC and are 
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adjustable to a resolution of one percent at one microampere. 

Thermal Control System . The thermal control system is designed to main- 
tain the telescope focal length within + .05 mm and the pointing align- 
ment stability within 2.5 arc-seconds for a 320-second exposure time. 

To do this it must maintain a constant temperature of 21 ®C +, .3°C along 
the X-RT. This requirement is met by a system of temperature sensors 
and proportionally controlled heaters along the X-RT assembly. 

Control and Display System . The instrument requires several different 
commands to determine its mode of operation and must display several sig- 
nals assessing the status of the instrument in addition to the output of 
the ratemeter recorded on the activity history plotter. 

The CDMS system with its extensive sequencing and decision making 
requirements is ideally suited to implementation with CAMAC hardware. 

The functional block diagram in this section (Figure 3-16) shov/s how the 
system would be configured to implement all of the experiment functions. 

As in the previous experiments input registers are used to determine 
the motor positions. The two proportional counters used in this instru- 
ment are ideally suited for instrumentation with NIM equipment since it 
is for detectors such as these that much NIM equipment is designed. The 
amplifiers and single channel analyzers usually come as a single package 
and their output is appropriate to the CAMAC scalers that are shown. 

There are several high voltage NIM power supplies appropriate for the 
proportional counters. The one shown is controllable with a small analog 
input voltage thereby allowing it to be under software control via a 
CAMAC DAC. 

A DAC is also used to allow the computer to write a strip chart 
record of the X-ray activity history. 

As shown in Table 3-5, the CDMS for the X-ray telescope can be imple- 
mented with just a few different types of NIM and CAMAC modules. This 
and the fact that all control functions for the telescope, including pro- 
grammed operation, are easily implemented with computer software make the 
CDMS design very easy conceptually. 
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Figure 3-16. ATM Experiment S-056 NIM/CAMAC Implementation 
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Table 3-5. NIM/CAMAC Implenirntation of X-Ray Telescope 


CAMAC Specific 

System Element Product Code Example Comments 

Camera Control Electronics 


Stepping Motor Driver 


(Filter) 

145 

KS3361 


Stepping Motor Driver 
(Shutter) 

145 

KS3361 


Stepping Motor Driver 
(Film Advance) 

145 

KS3361 


Input Register 

121 

NE7059-1 

One-half of X-Ray 

Output Driver 

133 

KS3080 

input register. 

X-Ray Electronics 

Pulse Height Analyzer 
Proportional Counter 
Ampl if ier 

HIM 

ORTEC 490A 

Preamplifier and SCA in 

SCA's (10) 

NIM 

ORTEC 490A 

one package designed 

Scalers (10) 

in 

B01002 

specifically for use 

Stepping Motor Driver 
(Aperture) 

145 

KS3361 

with X-ray proportional 
counters. 

Input Register 

121 

NE7059-1 

One-half of Camera con- 

Calibration Pulse 
Generator 

131 

ORTEC 448 

trol input register. 

DAC (Activity Plotter) 

162 

DO 200-1528 


DAC (HV control) 

161 

DO 200-1 52B 


High-Voltage Power 
Supply (2) 

NIM 

ORTEC 456 


Thermal Control System 
Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


DAC's (3) 

162 

DO 200-1528 

+10 V, 12-bit - Dornier 
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3.2.5 E xtreme Ultraviolet Spectroheliograph 
3.2. 5.1 Experiment Description 

The XUV Coronal Spectroheliograph Instrument studies the solar corona 
in the extreme ultraviolet region of the spectrum. In operation it photo- 
graphically V'ecords coronal images of the sun in the various wavelengths 

O 

between 150 and 650 A. 

The insty'un.ent is shown in Figure 3-17. The principal elements are: 

■ Concave grating 

• Heat rejection mirrors 

• Film strip camera 

• Instrument aperture mechanism 

8 Grating positioning mechanism 

• Short wavelength mirror mechanism 

t Alignment reference mirror. 

The grating has a four-meter radius and is ruled 3600 lines/milli- 
meter over a four-inch square area. The grating receives light directly 
from the sun and forms a spectrum of solar images on the film. The wave- 
length range is covered in two sections, each photographed separately, 
with the grating turned between exposures to register each section proper- 
ly on the film strip. A thin aluminum filter is positioned ahead of the 
film to limit the wavelength bandpass and prevent fogging of the film from 
stray light. 

Two zero order rejection mirrors are mounted internally to the housing 
to reject heat and white light from the zero order of the concave grating 
as shown in Figure 3-17. Rejected light is reflected to a third mirror 
at the aperture of the instrument where it is reflected overboard. When 
the grating is in the long wavelength position, the short wavelength 
mirror is folded down so as not to interfere with the light path. 

The instrument operates in one of three automatic modes or in the 
normal mode. The automatic modes are: 

e Time sequence 

8 Spectral sequence 

8 Flare mode sequence. 
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These are described more fully below in material abstracted from 
Ball Brothers Research Corporation Specification CP25905, 

Time Sequence . This sequence shall provide three automatic exposures 
at the selected wavelength band. The wavelength band at which the ex- 
posures are taken is to be selected manually as the program requirements 
may dictate. The automatic exposures shall be preprogrammed as a func- 
tion of the wavelength band selected. The exposure times for normal, 
short and long shall be as follows: 

Normal Exposure 

Short Wavelength Long Wavelength 

Grating Position Grating Position 


10 

seconds 

20 

seconds 

40 

seconds 

80 

seconds 

160 

seconds 

320 

seconds 

Short Exposures. 

The exposure 

shall be shortened by a common factor 

by commanding SHORT EXPOSURE IN 

prior to 

actuating the automatic 

sequence. 




Short Wavelength 
Grating Position " 

Long Wavelength 

Grating 

Position 

2.5 

seconds 

5 

seconds 

10 

seconds 

20 

seconds 

.40 

seconds 

80 

seconds 

Long Exposures. 

The exposures ; 

shall be lengthened by a common fac- 

tor by commanding 

LONG EXPOSURE 

IN prior to actuating the automatic 


sequence. 


Sh.‘‘"t Wavelength 
Grating Position 


Long Wavelength 
Grating Position 


40 seconds 
160 seconds 
640 seconds 


80 seconds 
320 seconds 
1280 seconds 


Spectral Sequence . This sequence shall provide six automatic exposures. 
The sequence shall begin with a picture at the selected wavelenth band; 
the grating shall change, and a picture taken at the second wavelength 
band. The grating shall then return to the first position and the cycle 
repeated until six pictures have been taken. The sequence may begin at 




either grating position. The exposure time for normal, short, and long shall 
be the same as for the Time Sequence. 

Flare Mode Sequence . This sequence shall provide 24 automatic exposures. The 
wavelengths and corresponding exposure times shall be as listed in Table 3-6. 

Table 3-6. Flare Mode Sequence Exposure Times 


Set Wavelength Exposure Duration (Seconds) 


1 

Short 

2.5 

10 

40 

2 

Long 

5.0 

20 

80 

3 

Short 

2.5 

10 

40 

4 

Short 

10 

40 

160 

5 

Long 

10 

40 

160 

6 

Short 

2.5 

10 

40 

7 

Short 

10 

40 

160 

8 

Long 

10 

40 

160 


3.2.R.2 CDMS Implementation .vlth NIM/CAMAC 

Since the primary data for this experiment is recorded on photographic 
film, the CDMS is uncomplicated. It can be thought of as consisting of four 
elements as described below: 

Camera . Control System . This element controls the camera shutter exposure 
times and the film advance and provides the required signals to the diode 
matrix (data flasher) in the camera for recording the individual exposure 
data. 

Optical Control System . The function of this system element is to control 
the positioning of the grating, the short wavelength rejection mirror and 
the aperture door. Since both the grating and the short wavelength rejec- 
tion mirror are solenoid-driven their control only requires switching the 
solenoid. 

Command and Display . This functional element must provide command capabil- 
ity to the astronaut to determine the exposure times, wavelength and oper- 
ational mode of the instrument. It also must display over a dozen signals 
describing the status of the instrument. 
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Thermal Control System . The TCS provides active thermal control of the 
instrument to maintain the absolute temperature of the case within j: 7"C 
of the alignment temperature. The TCS limits temperature gradients across 
the instrument to maintain the focus to the equivalent of 2 arc-seconds 
of resolution and to limit amplitude lateral movement of the image in the 
film plane to less than 5 arc-seconds during a five-minute period. 

Figure 3-18 shows how the XUV Spectroheliograph CDMS would be imple- 
mented using CAMAC hardware. In this implementation all instrument com- 
mands are entered via the experiment computer keyboard input and all data 
is displayed on the experiment CRT. Because the grating and camera sys- 
tems are fairly self contained units the primary interface to them is via 
switching signals sent through output registers. This makes the CDMS func- 
tions very straightforward and easily implemented. 

Because of the simplicity of the CDMS interface requirements for the 
XUV Spectroheliograph only the five CAMAC modules shown in Table 3-7 are 
required to implement the system. These, along wi'th the computer and its 
command and display capabilities, allow the experiment to perform all of 
the experiment .functions that it did aboard Skylab with a discrete CDMS. 

3.2.6 Extreme Ultraviolet Spectrograph 

3. 2.6.1 Experiment Description 

The XUV Spectrograph Instrument is used to photographically record 
line spectrograms of solar radiation between 970 and 1970 and between 1940 
and 3950 A from various small areas on the solar disk and at different 
levels across the limb. The primary instrument sensor is a film strip 
camera for recording the XUV spectra but the instrument also includes a 
TV camera for monitoring the instrument field of view in white light and 
another detector for XUV monitoring. 

By controlling the primary mirror of the instrument the area the in- 
strument is pointed at can be controlled. There are three different point- 
ing modes of operation: 

• Bores ight mode 

• Limb-scanning mode 

• Limb-pointing mode 
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Figure 3-18. ATM Experiment S-082A NIM/CAMAC Implementation 
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Table 3-7. CAMAC Implementation of ATM/XUV Spectrohel iograph 



CAMAC 

Specific 


System Element 

Product Code 

Exampl e 

Comments 

Camera Control System 

Output Driver (42 bit) 

133 

0D2403 

Dual 24-bit - 40 mA 

Optical Control System 

Output Driver (4 bits) 

133 

0D2403 

Use unused portions of 

Stepping Motor Driver 

145 

KS3361 

camera control register. 

Input Register 

121 

NE7 059-1 


Thermal Control System 

Multiplexer 

164 

KS3510 

16-channel ADC - self- 

ADC (8 bit) 

161 


scanning 

DAC 

162 

KS3110 

Close thermal control 
loop within the computer 


Bores iqht Mode . The boresight mode is used when spectrograms of the cen- 
tral disk are desired or for spectrograms of features or flares. The mode 
shows the astronaut what the instrument is seeing in white light. It is 
also used by him to acquire fine pointing on or near the limb prior to 
activating the limb-scanning mode, 

Limb-Scanning Mode . This mode is used when spectrograms near the limb are 
desired. Before this mode is activated, the instrument is pointed, via the 
boresight mode, to within 45 arc seconds of the solar limb. As the instru- 
ment is scanned by moving the primary mirror a digital readout displays the 
distance from the limb to the center of the instrument slit in arc seconds. 
In the limb scanning mode the spectral sequence exposure times are auto- 
matically increased for pointing positions of the limb in accordance with 
a preprogrammed sequence. 

Limb-Pointing Mode . This mode is also used to obtain spectrograms near the 
limb. In this mode the position of the solar image with respect to the 
instrument slit is actively maintained to within one arc second of the de- 
sired pointing direction. This precise pointing is achieved by active 
control of the primary mirror. 
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The instrument contains both a predisperser and a main grating. The 
predisperser grating is moved to either of two orientations to choose be- 
tween the short or long wavelength range of the instrument. In each of 
the instrument pointing modes spectra in both wavelength regions are 
measured. Each pointing mode has associated with it a preprogrammed series 
of exposure times in both spectral ranges. The instrument may also be 
operated completely under manual control. 

3. 2. 6. 2 CDMS Implementation with NIM/CAMAC 

The control and data management system for this instrument must pro- 
vide signals to operate the film strip camera, position the predisperser 
grating, choose the instrument aperture, operate the XUV monitor, control 
the instrument pointing with the primary mirror and provide thermal con- 
trol of the instrument. These functions are accomplished with the follow- 
ing system elements: 

Camera Control Electronics . This subsystem provides exposure control to 
the camera shutter and controls the film advance between exposures. This 
system element must also provide 192 bits of time, pointing and exposure 
information to a diode matrix in the camera. This information is recorded 
on each exposure. 

X-Rav Monitor System . For this system the CDMS is required only to furnish 
control of a calibration source and the system aperture door. The video 
camera and its control circuits are not handled by the CDMS. 

Predisperser Grating . Control signals must be provided to the predisperser 
grating positioning mechanism to move the grating between the short and 
long wavelength orientations. 

Primary Mirror Control . This system element must control the instrument 
pointing during the limb-point mode to one second of arc. It does this by 
controlling the orientation of the primary mirror. 

Instrument Aperture Control . Signals are needed to control the mechanism 
which selects the instrument aperture. 

Thermal Control Subsystem (TCS) . The TCS is an integral part of the instru- 
ment employing standoff heaters attached to the instrument case and cover i 
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These are actively controlled to maintain the absolute temperature of the 
case within + 1.4°C of the alignment temperature. The TCS also controls 
temperature gradients along the instrument such that image smear due to 
case bending during an exposure remains within acceptable limits. 

Control and Display System . Controls must be provided to select opera- 
tional mode, open the shutter, move the predisperser grating and actuate 
other experiment functions. Data that must be displayed includes aperture 
status, predisperser grating position, instrument operating mode and other 
information. 

The functional block diagram in Figure 3-19 showing the CAMAC imple- 
mentation of the CDMS for the XUV spectrograph is deceptively simple. 

The instrument is relatively complicated and the CDMS should reflect this. 
However, both of the video systems {XUV Monitor and Pointing Viewer) are 
supplied to the experiment along with their control electronics and so do 
not have to be included in the instrument CDMS. It should be noted that 
had the experiment been required to control and process video signals it 
would have been necessary to build experiment unique hardware to do this 
since there is- no CAMAC equipment for this purpose. 

Table 3-8 summarizes the equipment that would be necessary to imple- 
ment the XUV Spectrograph with CAMAC aboard Spacelab. As in many of the 
other ATM experiments, the complexities of the various operating modes 
do not need to be implemented in the hardware system when a CAMAC approach 
is used. Instead, any program of instrument operation is straightforwardly 
achieved in the software of the controlling computer. 

3.2.7 Skylab/ATM Payload Summary 

From the discussions of the preceding sections it is evident that 
significant portions of the control and data management functions for the 
Skylab ATM experiments could have been implemented with NIM and CAMAC 
hardware. In fact, a lot of the complexity of the experiments resulted 
from their need to execute programmed observations automatically without 
the benefit of a computer to control the instrument operation. When a 
computer is added to the control loop much of this CDMS complexity goes 
away. And CAMAC greatly helps the situation by performing the interface 
between the instruments and the computer with a minimum of equipment and 
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Figure 3-19. ATM Experiment S-082A NIM/CAMAC Implementation 
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Table 3-8. CAMAC Implementation of ATM/XUV Spectrograph CDMS 


System Element 

CAMAC 

Product Code 

Specific 

Example 

Comments 

Camera Contro‘' ler 

Output Registers 
{200 bits) 

133 

BR3212 

3212 is 48 bits (dual 

Stepping Motor Driver 

145 

KS3361 

24 bit). 

Driver film advance 

Input Register 

121 

NE7059-1 

motor. 

X-Ray Monitor 
Output Register 

133 

0R2Q27 

Use also for grating con- 

Predisperser Grating 
Control 

Output Register 

133 

0R2027 

trol below. 

Use part of X-ray non- 

Primary Minor Control 
Stepping Motor Driver 

145 

WE C-ST-4 

register above. 

Input Register 

121 

NE7059-1 

Share register above. 

Instrument Aperture 
Control 

Stepping Motor Driver 

145 

K53361 


Input Register 

121 

NE7059-1 

Share register above. 

Thermal Control System 
Multiplexer 

164 

KS3510 

16-channel ADC - self- 

ADC (8 bit) 

161 


scanning. 

DAC 

162 

KS3110 
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minimal requirements for instrument specific electronic designs. 

Table 3-9 summarizes all of the NIM and CAMAC equipment that would 
be required to implement the CDMS functions for the six ATM experiments 
that were studied. The table lists the various equipment items on the 
left together with their CAMAC product code. On the right it specifies 
the number of each type of module required by each of the six experiments. 
The total requirements are summarized in the last column. The numbers 
are in all cases the number of NIM or CAMAC modules . This is particularly 
evident in the case of the DAC's where two octal modules satisfy the re- 
quirements for all six experiments. 

As seen in the table, the two items most heavily used are output 
drivers and stepping motor drivers. The first reflects the frequent use 
of diode arrays in the many ATM experiment cameras. These are all inter- 
faced with output drivers. The high incidence of stepping motor drivers 
is due to the multitude of mechanical motions required in the ATM instru- 
ments . 


Table 3-9: ATM Use of NIM and CAMAC Equipment 


Instruments 


CAMAC Equipment 


CAMAC 

Product 

Code 
















A' 














-05Z S-OSfS-OBBA S-056 S-08ZA S-08ZB Totals 


Scaler 111 

Input Register IZl 

Pulse Generator 131 

Output Driver 133 

Stepping Motor Controller 145 
ADC 161 

Single Unit - Fast 
Multichannel - Slow 
DAC 162 

Multiplexer 164 

Branch Driver 211 

Crate Controller 231 

Crate 411 


1 

1 1 1 

2 1 

4 5 1 

5 2 3 


3 4 

1116 
1 4 

1 2 5 18 

4 1 3 18 


1 2 4 

11111 
Share 1 Share 1 

1 1 1 

Share 1 
Share 4 
Share 4 


7 

6 

2 

3 

1 

4 
4 


NIM Equipment 

High Voltage Power Supply 
Linear Gate 
Amplifier/SCA 
Bin 


7 2 

10 

Share 2 


9 

1 

10 

2 
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3.3 SIRTF INFRARED INSTRUMENTS 

The Shuttle Infrared Telescope Facility (SIRTF) will provide a cryo- 
genically cooled (^20®K) telescope for infrared observations in the 1 ym 
to 1 iTm range. It will have a usable aperture of one meter or more. It 
is intended for infrared studies of astronomical objects such as stars, 
dust clouds and other galaxies. By being cooled and operating above the 

3 

earth ‘s atmosphere it will perform observations with 10 more sensitivity 
than is currently available with ground-based instruments. It will also 
not be limited by atmospheric transmission windows but will be able to 
make observations at all infrared wavelengths. 

Hughes Aircraft Company is currently engaged in a study of the con- 
struction of the telescope facility. They have concluded that a doubly 
folded Gregorian configuration for the instrument will best meet the re- 
quirements of the Space Shuttle environment. Their design for the instru- 
ment is shown in Figure 3-20. 

A key feature in the design is the Multiple Instrument Chamber (MIC) 
located behind the secondary mirror. This chamber is cooled like the tele- 
scope and will house up to six infrared instruments at one time. The 
infrared beam from the telescope will be alternately switched to the various 
instruments as they come on line. It is primarily the output of the various 
instruments of the MIC which must be processed into the Spacelab CDMS for 
interpretation and display. The feasibility of performing this interface 
function with NIM and CAMAC equipment is what will be addressed here. 

Table 3-10 lists five instruments that are typical candidates for 
SIRTF flights. A summary description of each is presented. The implemen- 
tation of the control and data management systems for each with NIM and 
CAMAC equipment will be addressed in the sections that follow. Section 
3.3.6 will consider the processing of the SIRTF housekeeping and fine 
pointing signals with CAMAC equipment. 

3.3.1 Filter Photometer 

3. 3. 1.1 Experiment Description 

This instrument will be used for a wide variety of infrared astronomi- 
cal measurements including studies of the galactic center, analyses of 
stellar systems just forming in galactic dust clouds and studies of the 
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Figure 3-20. SIRTF Telescope Schematic Diagram 


Table 3-10. SIRTF Instruments 


Filter Photometer 

• Multiple Wavelength Photometry 

• Interference Filters 

• Many-position Filter Wheel 

• Multiple Apertures 

• Blackbody Calibration Source 

Filter Wedge Spectrometer 

• Similar to Filter Photometer 

» Uses Wedge Interference Filter 

• Continuous Variation in \ 

• Narrow X Band 

• Typically x/AX = 100 

• Selectable Apartures 
Detector Array 

• 16 X 16 Element Array 

e Probably Charge-Coupled Device 

• Shift into 16 ADC's 

• Selectable Filters 

• Selectable Apertures 

Fourier Spectrometer 

• Coarse x selected with Interference Filter 

• Michel son Interferometer 

9 Stepping Motor Mirror Drive 

• Position and Velocity Sensors 

Grating Spectrometer 

9 Standard Reflection Grating 

• Stepping Motor Driver 
a Programmed x Scans 

« Coarse x selected with Interference Filter 
Housekeeping and Fine Pointing 

• 80 + Channels Analog Housekeeping Data 
9 Control Telescope Fine Pointing 

9 Digitize Quadrant Sensor Signals 
9 Send Control Signals to Second Flat 


energy distribution in such extra-galactic objects as Seyfert galaxies 
and quasars. The wavelength regions raeasured would potentially extend 
over the entire range of 1 micron to 1 mm. 

The system consists of the basic elements shown in Figure 3-21. As 
the beam enters the instrument from the telescope it passes through one 
of many interference filters selectable by positioning the filter wheel. 

An aperture is located at the beam focus and this also is selectable to 
allow a choice of the field size to be seen by the detector. The beam 
then passes through a field lens to the detector which is cooled to liquid 
helium temperature. The infrared detector produces small analog signals 
in response to the incident radiation. These pass directly into a high 
gain preamplifier mounted physically close to the detector to obtain min- 
imum noise. By the time the signals pass out of the MIC they are on the 
order of volts. 

The signal into the filter photometer is spatially chopped by motion 
of the second folding mirror of the telescope. This allows subtraction of 
the infrared background. Additionally, during observations the telescope 
is regularly moved to an empty region of the sky in order to be able to 
subtract any instrument background. Since photometric measurements are 
desired it is also necessary to periodically measure a standard or refer- 
ence star {whose photometric magnitude is known) during the course of an 
observing run. 

Because the telescope can be rotated about its own pointing axis, 
polarization measurements can also be made with the filter photometer by 
simply mounting a transmission Polaroid in the filter wheel and performing 
photometric measurements at several orientations of the telescope about 
its axis. 

3. 3. 1.2 CDMS Implementation with NIM/CAMAC 

The primary signal to be processed by the CDMS is the analog signal 
on the order of volts mentioned in the previous section. The beam inci- 
dent on the detector is chopped at a rate between 5 and 200 Hz and it is 
necessary to take this into account in processing the data from the detec- 
tor. The resulting signal when integrated is then proportional to bright- 
ness of the object being measured. 
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The CDHS for this instrument would consist of the following elements: 


Signal Processor . This includes an ADC to digitize the signal from the 
detector and the logic necessary to demodulate this signal with that from 
the space chopping mirror. 

Mechanical Control System . The CDMS must provide control signals to the 
stepping motors that drive the filter and aperture selection mechanisms. 
This system must maintain a knowledge of the positions of these two ele- 
ments for inclusion as part of the data. The mechanical control system 
would also provide signals to a solenoid that moves a blackbody source into 
and out of the beam if that is included in the instrument. 

Power Supplies . Electrical power must be supplied to the detector and low 
level electronics and also to the CDMS. 

Temperature Monitoring System . There will be an assortment of temperature 
sensors about the instrument whose signals must be multiplexed into an ADC 
and provided as data to the rest of the system. 

Control and Display . A means must be provided to input commands to the in- 
strument (e.g., to move the filter wheel) and also to display relevant in- 
strument data such as temperatures and the signal to noise ratio attained 
in the measurement being made. 

The functional block diagram in Figure 3-2Z shows how the CDMS for 
the filter photometer would be implemented with CAMAC hardware. Except 
for the power supply for the detector and the preamplifier electronics, 
CAMAC hardware in combination with the experiment computer can implement 
all aspects of the CDMS. All required display functions are performed by 
the CRT and all manual commands to the instrument are entered via the ex- 
periment keyboard. It is assumed that the data from the spatial chopping 
mirror is available for use in processing the detector data. 

Table 3-11 lists the detailed NIM and CAMAC modules required to im- 
plement the CDMS for the SIRTF filter photometer. The detector preampli- 
fier and its power supply cannot be Implemented with NIM equipment because 
of the requirement that they reside in close proximity to the detector it- 
self and must therefore operate at cryogenic temperatures. These must be 
specially built to match the detector system. However, the detector bias 
voltage can be supplied with a NIM module since that can easily be fed in 
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Figure 3-22. SIRTF Filter Photometer NIM/CAMAC 
Implementation 

Table 3-11. NIM/CAMAC Implementation of SIRIF Filter Photometer 



CAMAC 

Specific 


System Element Product Code 

Example 

Comment 

Signal Processor 

ADC 

161 

B01244A 


Preampl if ier 

None 


Closely associated with 
detector in MIC. 

Mechanical Control System 

Stepping Motor Driver 

145 

KS3361 


Stepping Motor Driver 

145 

KS3361 


Output Driver 

133 

0D2403 


Input Register 

121 

NE7059-1 


Power Supplies 

Detector Bias 

NIM 

ORTEC 428 


Temperature Monitors 

Multiplexer 

164 

KS351Q 

16-channel ADC - self- 

ADC (8 bit) 

161 

KS3510 

scanning. 
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through the wall of the MIC. 

3.3.2 Filter Wedge Spectrometer 

For moderate resolution spectroscopic measurements in the infrared 
a device commonly used is the filter wedge spectrometer. This device is 
conceptually identical to the filter wheel photometer except that the 
filter wheel element is replaced by a circularly wedged interference fil- 
ter. The spectral transmission of this element varies continuously as it 
is rotated spanning a range up to + X/2. Spectral resolving power is typi- 
cally X/AX = 100. 

The CDMS required to support the filter wedge spectrometer is identi- 
cal to that for the filter photometer except that the positioning of the 
wedge and determination of this position must be more stringently control- 
led than the corresponding position of the filter wheel. This is accom- 
plished by finer control of the stepping motor operation. Because of this 
almost complete identiy, the CDMS for the filter wedge spectrometer need 
not be discussed further. The corresponding analysis of the filter photo- 
meter CDMS applies. 

3.3.3 Grating Spectrometer 

3. 3. 3.1 Experiment Description 

There are many new types of in-^ormation to be obtained from infrared 
spectroscopy. Since many molecular transitions occur in the infrared the 
study of planetary atmospheres in particular benefits from such measure- 
ments. IR spectroscopy is also invaluable in determining the composition 
of many galactic and extra-galactic objects of interest. 

Figure 3-23 shows a typical on-axis grating spectrograph for use in 
the infrared. The incident IR radiation is focused by the telescope 
through a filter onto the entrance slit and passes through the center of 
mirror Ml to the paraboloidal mirror PI. This mirror collimates the beam 
which is then reflected off Ml and onto the grating. The grating is ac- 
curately located on a turntable, which may be rotated in order to scan the 
spectrum. After reflecting from M2 the now diffracted beam is refocused 
on the instrument exit slit by P2. Finally, the ellipsoidal mirror M3 
focuses the radiation from the exit slit onto the detector. 
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Figure 3-23. 5IRTF Grating Spectrometer Schematic Diagram 
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Operationally, this instrument will be similar to the filter photo- 
meter with the additional complexity then etch object will be measured at 
many grating positions. As in the case of the photometer, the second fold- 
ing flat of the telescope will be used to spatially chop the radiation in- 
cident upon the entrance slit of the instrument. Since spectral data can 
be meaningfully compared to itself, it will not always be necessary when 
using the grating spectrometer to measure reference objects also. This 
will only be done when absolute spectral intensities are desired. 

3, 3, 3. 2 CDMS Implementation with NIM/CAMAC 

The primary data from this instrument (that from the infrared detec- 
tor) is exactly the same as that from the filter wheel photometer and need 
not be discussed further. The only additional element that needs to be 
added to the CDMS for this system is the circuitry necessary to control the 
positioning of the diffraction grating. 

The major functions of the CDMS may be broken down as follows; 

Signal Processor . This element is identical to that required for the fil- 
ter photometer. It must digitize the analog data from the low level elec- 
tronics (LLE) and must integrate the signal in synchronization wi uh the 
spatial chopping. 

Mechanical Control System . Here three stepping motor drivers are required 
to control the position of the input filter wheel, the size of the entrance 
slit and the orientation of the diffraction grating. The mechanical control 
system must also drive a solenoid to bMpg a spectral calibration source 
into and out of the beam if necess:.ry. 

Power Supply . As in the other IR systems power is required both for the 
detector and its LLE and fov' the CDMS itself. 

Temperature Monitoring System. Here again a system to multiplex the sig- 
nals from several temperature sensors into an ADC is f-equired. 

Control and Display . In addition to being able to display the instrument 
data (both temperatures and spectra) there should be a control function pro- 
vided to implement automatic scans with the grating. This could be tied 
into a detector signal-to-no4se level. 
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Figure 3-24 shows how the SIRTF Grating Spectrometer CDMS would be 
implemented using NIM and CAMAC equipment. Once the mechanical subsystem 
has been interfaced into the experiment computer through the stepping 
motor drivers and the crate controller, any program of spectral scans, 
slit sizes and entrance filters can be implemented automatically in the 
computer software. This assures accurate and efficient use of the in- 
strument during observations and requires less attention of the payload 
specialist overseeing the instrument operations. 

Table 3-12 lists the NIM and CAMAC modules required to implement the 
Grating Spectrometer CDMS. The required modules are very similar to 
those for the other infrared instruments. As in the case of the others 
the preamplifier for the signal processor must operate in close physical 
proximity to the cooled detector and cannot therefore be implemented with 
NIM equipment. The inter'^^ace into the mechanical subsystem is accomplished 
with three stepper motor drivers and a single Input register to record the 
zero positions of the motors. 

3.3.4 Fourier Spectrometer 

3. 3. 4.1 Experiment Description 

As long as a single infrared detector is being used, the IR grating 
spectrometer has the inherent disadvantage of being able to observe only 
a single spectral element at a time. The entire spectrum can be observed 
only by scanning the spectrum past the exit slit. This weakness can be 
partially alleviated by using a linear array of IR detectors spread out 
over the spectral image but this makes fine spectral resolution difficult 
and significantly increases the cost of the CDMS. 

Another approach to improving IR spectrometry that is cot?monly used 
is the Interferometer spectrograph. A schematic diagram of such an in- 
strument is shown in Figure 3-25. As seen from the figure the basic ele- 
ment of the instrument is a Michel son interferometer. By moving one of 
the mirrors of the interferometer a patter of interference fringes is 
generated and detected as an intensity modulation. T!ie resulting Interfero- 
gram, which is a plot of fringe intensity versus mirror position, is the 
Fourier transform of the infrared spectrum. The spectrum is recovered by 
calculating the inverse Fourier transform with a computer. 
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Figure 3-24. SIRTF Grating Spectroaioter NIM/CAMAC Implementation 
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Table 3-12. NIM/CAMAC Implementation of SIRIF Grating Spectrometer 

CAHAC Specific 

System Element Product Code Example Comments 

Signal Processor 


ADC 

161 

B01244A 


Preamplifier 

Mechanical Control System 

None 


Closely associated with 
detector in MIC. 

Stepping Motor Driver 

(Grating) 

Stepping Motor Driver 

145 

KS3361 


(Filter. Wheel ) 
Stepping Motor Driver 

145 

KS3361 


(Entrance Slit) 

145 

KS3361 


Output Driver 

133 

0D2403 

Shared among all three 
stepper motors. 

Power Supply 

Detector Bias 

NIM 

ORTEC 428 


Temperature Monitors 

Multiplexer 
ADC (8 bit) 

164 

161 

KS3510 
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It is possible to obtain much higher resolution spectra with interfero- 
metric techniques than with a grating spectrograph. In fact, the ultimate 
limit on resolution is determined only by the noise of the detector. 

In IR astrophysical studies the Fourier spectrometer is especially 
useful for studies of the detailed characteristics of absorption or emission 
lines where high spectral resolution is required. Used in this fashion it 
aids in determining line broadening mechanisms, gas densities, and thermal 
structure of astronomical objects. 

3. 3. 4. 2 Implementation with NIM/CAMAC 

The CDMS for the Fourier spectrometer contains the same basic elements 
as that for the grating spectrometer. The difference in this system is the 
much finer degree of control that must be exercised by the mirror drive 
network compared to the grating drive of the other system. 

Signal Processor . As in the previous IR instruments, the detector consists 
of a photo-resistive device producing a small analog signal which is pre- 
amplified by a circuit located physically close to the detector. The digi- 
tization of the signal that then occurs must be done in phase with the 
movement of the Fourier scanning mirror. 

Mechanical Control System . This system must provide for control of three 
stepping motors, one to select the instrument aperture, a second to choose 
a broad band interference filter to establish the general spectral range 
of the measurement to be made, and a third to move the Michelson mirror in 
a precise fashion to achieve the interferometric spectral scan. The ope- 
ration of this last motor is adjusted by control loop sensors that record 
the position and velocity of the mirror and feed that information back to 
the stepping motor control circuits. Also required is a signal to control 
the position of a calibration source. 

Power Supply . Power is required to operate the detector and its preampli- 
fier circuit and also to supply the CDMS itself. Additionally, depending 
on the exact nature of the mirror control circuit, special power may have 
to be supplied to drive the mirror. 

Temperature Monitoring System . A multiplexer is required to selectively 
connect the outputs of various temperature sensors into an ADC. 
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Control and iJ1 splay . This system must 'provide for conmand input to the 
instrument to choose filters, initiate scans and select scan rates. It 
muot provide for the display of instrument temperatures and status infor- 
mation. If it is to display the spectra as they are taken it must be able 
to store the accumulated data and Fourier transform it for display. 

Figure 3-26 shows a CDMS functional block diagram for the Fourier 
spectrometer which is very similar to those for the other infrared instru- 
ments. The outstanding difference in this system is the addition of the 
feedback control signals from the position and velocity sensors on the 
Michel son mirror. In the CAMAC system these are processed into the experi- 
ment computer via a multiplexer and an ADC. There they are used as control 
parameters to modify the stepping motor signals that are moving the mirror. 
This greatly enhances the precision of the Fourier scan. 

As is shown in Table 3-13, NIM and CAMAC can implement virtually all 
of the CDMS requirements for the Fourier spectrometer. The computer in the 
CAMAC implementation of the system is particularly useful for this instru- 
ment because it can perform a fast Fourier transform algorithm on the data 
as it is taken. This allows almost real time analysis of the data quality. 
Because the mirror drive in this system is implemented with a stepping 
motor rather than a speaker-coil type of drive the high power requirements 
for precision control of position and velocity do not exist. 

3.3.5 Detector Array 

3. 3. 5.1 Experiment Description 

There are many regions in the sky that could be much better understood 
by mapping the area with a two-dimensional array of infrared sensors. Two 
such areas are the galactic center and the region of star formation in the 
Orion nebula. In both of these the spatial extent and distribution of the 
IR sources is of interest. 

The exact details of how such an infrared detector array would be 
structured are uncertain because most arrays of this sort are still in the 
development stage. However, for purposes of discussing the CDMS require- 
ments, it is reasonable to assume a 16 X 16 element detector array covering 
about 4 arc minutes (10 mm X 10 mm) in the focal plane of the telescope. 

The specific process for coupling out the signals from these detectors 
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Figure 3-26. SIRTF Fourier Spectrometer NIM/CAMAC Implementation 







Table 3-13. NIM/CAMAC Implementation of SIRIF Fourier Spectrometer 



CAMAC 

Specific 


System Element Product Code 

Example 

Comments 

Signal Processor 

ADC 

161 

B01244A 


Preampl ifier 

Mechanical Control System 

None 


Closely associated witth 
the detector in the MIC. 

Stepping Motor Driver 

(Filter Wheel ) 
Stepping Motor Driver 

145 

KS3361 


(Aperture) 

145 

KS3361 


Multiplexer 

164 

B01704 


ADC 

Stepping Motor Driver 

161 

B01244A 


(Mirror Motor} 

145 

KS3361 


Output Driver 

133 

NE9002 


Input Register 

121 

KS34?0 

Shared among three step- 
ping motors. 

Power Supply 

Detector Bias 

NIM 

ORTEC 428 


Temperature Monitors 

Multiplexer 
ADC (8 bit) 

164 

161 

KS3510 



depends on the exact nature of the detector but It can be assumed that 
there will be 256 small analog signals to be processed, all of the same 
type as that from a single IR photoresistive device. 

Operationally, the instrument will be used in a manner similar to the 
filter photometer, but it will generate 256 simultaneous photometric mea- 
surements rather than one. The instrument will include a filter wheel for 
selecting narrow portions of the spectrum in which to observe and will also 
include a mechanism for selecting apertures of varying sizes. The tele- 
scope will be spatially chopped while operating the detector array instru- 
ment. 

3.3.5, 2 CDMS Implementation with MIH/CAMAC 

The CDMS for the experiment is similar to that for the filter photo- 
meter but with the added complexity of having to process 256 channels of 
data. Each of these channels forms a separate photometric measurement that 
must be digitized and have the background value removed. The following sys- 
tem elements are required to Implement this CDMS. 

Signal Processor . For digitization the array is broken up into 16 groups 
of 16 detectors with one ADC allotted to each group. Within the group the 
16 elements are successively shifted into the ADC for sampling. With 200 Hz 
chopping and a 30 ysecond conversion time this still allows each detector 
element to be sampled 10 times per cycle of the chopper. The individual 
samples from the ADC are then summed as necessary to achieve time integra- 
tion of the signal. 

Mechanical Control System. Control signals must be provided to the stepping 
motors which position the filter wheel and the aperture selector wheel of 
the instrument. Additionally, a signal must be provided to move a calibra- 
tion source into and out of the beam on command if such a source is to be 
used by the instrument. 

Power Supplies . Power is required for the detectors and their associated 
LLE and also for the circuits that make up the CDMS. 

Temperature Monitoring System . The various temperature sensors of the in- 
strument must be multiplexed into an ADC and made available to the system 
as data. 
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Control and Display . Coirnnand capability is required to select filters and 
apertures and perform similar functions. In addition to the requirement to 
display instrument status information, it may be desirable to provide for 
an intensity modulated CRT display of the detector array data as it accumu- 
lates. 

In Figure 3-27, the NIM and CAMAC implementation of the detector array 
CDMS is illustrated. Since the detectors will probably be charge-coupled 
devices a special readout clock, generator is shown which will generate the 
appropriate pulses to shift out the signals from each row of detectors into 
16 ADC's. The clock generator will be driven by a programmable pulser 
operating under direct control of the computer. Th° ^^ther aspects of the 
CDMS are very similar to the CDMS for the filter photometer. 

Table 3-14 lists the NIM and CAMAC equipment required to implement 
this CDMS. Because the readout clock generator depends on the exact nature 
of the detector system used it cannot be implemented with NIM or CAMAC 
equipment and must be considered as being supplied as part of the detector 
system just as the preamplifiers are. The involvement of the experiment 
computer in this CDMS makes the handling of 256 "pixels" (picture elements) 
of data feasible. Without the computer the task would be much more diffi- 
cult. 

3.3,6 Housekeeping and Fine Pointing 

In addition to performing the interface of the SIRTF experiment data 
into the Spacelab CDMS, CAMAC equipment can also be used in processing the 
various housekeeping signals from the telescope facility and in closing 
the control loop for the fine pointing of the telescope. 

It is estimated that there will be over 70 temperature sensors pro- 
vided to monitor the thermal status of the telescope. The analog signals 
from these sensors will need to be processed into the experiment computer 
for conversion and automatic monitoring and display of the values. Ad- 
ditionally there will be flow, pressure, contamination and optical status 
sensors all producing analog voltages requiring digitization so that they 
may be interpreted by the computer. None of these above measurements re- 
quires rapid (i.e., msec) sampling so multichannel scanning ADC's will 
be adequate. Ninety or more channels will be required. 
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Figure 3-27. SI RTF Detector Array NIM/CAMAC Implementation 




Table 3-14. NIM/CAMAC Implementation of SIRIF Detector Array 


CAMAC 

Specific 


System Element Product Code 

Exampl e 

Comments 

Signal Processor 




Multiplexers 

164 

801704 


ADC's (16) 

161 

B01244A 

Closely associated with 

Detector Preamplifiers 

None 


detector in MIC. 

Readout Clock Generator 

None 


Peculiar to detector 

Programmable Pulser 

131 

SEN2PPG 

system used. 


2016 


Mechanical Control System 



■ 

Stepping Motor Driver 

145 

KS3361 


Stepping Motor Driver 

145 

KS3361 


Output Driver 

133 

NE9002 


Input Register 

121 

KS3420 


Power Supply 




Detector Bias Supply 

NIM 

ORTEC 428 

Low current and low noi 
required. 

Temperature Monitors 




Multiplexer 

164 

KS3510 


ADC (8 bit) 

161 




There will also be some digital data originated by the facility, 
mostly that from contact switches recording the state of various mechani- 
cal structures {i.e., sun shield deployed/ retracted). These can be pro- 
cessed into the CDMS with CAMAC input registers. Forty to fifty bits of 
this type of data will be generated. 

One final function of the housekeeping system will be tp supply 
several analog control voltages to the telescope for controlling heater 
systems. About four of these will be required. 

CAMAC equipment will also be suitable in the fine pointing control 
loop of the telescope. Here the quadrant sensor signals need to be digi- 
tized and processed by the computer. Four DAC's will be required to send 


control signals back to the telescope. Since the entire control loop 
operates in the 5 Hz region all of these functions can be handled by 
CAMAC modules. 

Table 3-15 summarizes the CAMAC modules required to interface the 
SIRTF housekeeping and fine pointing function into the Spacelab CDMS. 

Since a total of eight DAC functions were required, the example shown is 
a single module containing eight of the devices. 

3,3.7 SIRTF Payload Summar.v 

Table 3-16 summarizes the results of the preceding six sections. 

Shown are the various types of NIM and CAMAC equipment required for SIRTF 
CDMS interface functions. The number of modules of each type required by 
each of the five instruments and for housekeeping are indicated. It is 
to be emphasized that it is the number of modules that are indicated and 
that in many cases multiple unit modules have been assumed (i.e., OAC's, 
where an octal module is used). 

As seen in the table, the only NIM equipment used is the detector bias 
supply which is required by each of the five experiments. Other than this 
NIM equipment was not designed for the small signal, high gain applications 
required for the signals from infrared detectors. All of the front end, 
LLE must be considered as part of the detector system and cannot be imple- 
mented with NIM equipment. 

The most heavily used CAMAC modules are seen to be the analog-to- 
digital converters. The heavy usage of the fast type is caused primarily 
because 16 modules are required to digitize the 256 analog signals coming 
out of the detector array. The requirements for multi channel -slow ADC‘s 
are driven up by their heavy usage in processing housekeeping signals from 
the telescope. 
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Table 3-15. CAMAC Interface of Housekeeping 
and Fine Pointing Functions 


System Element 

CAMAC 

Product Code 

Specific 

Example 

Comments 

Housekeeping System 
Multichannel ADC's 

161 

KS3510 

16 channels each - six re- 

DAC 

164 

lea 

KS3510 

quired. 

Octal Unit - share with 

Input Register 

121 

NE7059-1 

fine pointing. 
Two required. 

Fine Pointing System 

Fast ADC 

161 

B01244 


Multiplexer 

164 

B01704 

‘ j channel - spares avail- 

DAC 

162 

KS3110 

able. 

Share module above. 

Output Register 

133 

NE9017 



Table 3-16: SIRTF Use of NIM and CAMAC Equipment 


CAMAC Equipment 


Input Register 
Pulse Generator 
Output Register 
Stepping Motor Driver 


Single Unit - Fast 
Multichannel - Slow 
Multiplexer 


Branch Driver 
Crate Controller 
Crate 


NIM Equipment 


Detector Bias Supply 
Bin 


Instruments 












CAMAC 

Product 





Code 






Total 

121 

1 

1 

1 

1 

1 

2 

7 

131 



1 




1 

133 

1 

1 

1 

1 

1 

1 

6 

145 

2 

2 

1 

3 

3 


11 

161 









1 

1 

16 

2 


1 

21 


1 

1 

1 

1 

1 

6 

11 

164 




1 

1 

1 

3 

162 






1 

1 

211 



Share 

1 



1 

231 



Share 

4 



4 

411 



Share 

4 . . 



4 


1 

1 

1 

1 

1 


5 




Share 

1 



1 
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3.4 X-RAY/GAWMA RAY PALLET INSTRUMENTS 

The three instruments that comprise the X-ray/gamma ray pallet are 
listed in Table 3-17. Collectively, these instruments will detect photons 
with energies ranging from a few tenths of a KeV to ten MeV, a dynamic 
range of nearly five orders of magnitude. They will provide a wide variety 
of data on high energy astrophysics phenomena, encompassing discrete 
sources, diffuse background and earth albedo. 

This pallet configuration will be used to search for new discrete 
sources of radiation and to measure the spectrum, intensity and temporal 
characteristics of discrete sources. In addition, the position and angular 
size and structure of discrete X-ray sources will be measured with a 
resolution better than an arc minute. The spectrum, intensity and iso- 
tropy of the diffuse background will be measured along with the spectrum 
and intensity of the earth's albedo. 

3.4.1 Large Proportional Counter Array 

3. 4.1.1 Instrument Description 

This instrument consists of ten multi-wire proportional chamber (HWPC) 

p 

modules, each with 0.5 m sensitive area. Modulation collimators of two 
types, for raster scan and for rotating scans, will be available for op- 
tional use with any number of the MWPC modules. In addition to the primary 
sensor modules, two ultraviolet stellar transit detectors will be used to 
supplement the Orbiter aspect data. 

The modules without collimators can be used to search large areas of 
the sky for new X-ray sources with emissions in the energy range from a 
few tenths of a KeV to about 100 KeV. The celestial coordinates, spectrum, 
intensity and temporal characteristics of both discrete and diffuse sources 
can be measured. With the optional collimators attached to the modules, 
this instrument can be used to determine the position, angular size and 
structure of discrete sources to better than an arc minute. 

In order to observe photons with energies as low. as a few tenths of 
a KeV, very thin windows (less than a micron thickness of Parylene, for 
example) must be used to seal the MWPC's. Because the gas used to fill 
the chamber will diffuse througn the windows, a flowing .gas system must be 
provided to maintain the proper operating pressure range. 
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Table 3-17, X-Ray/Gamma-Ray Pallet Instruments 




Large Area Proportional Counter Array 

• Modulation Collimators Optional 

2 

0 Ten Counter Modules* 0.5 m each 

• Two UV Stellar Transit Detectors 

• Gas Supply for Maintaining Counter Pressure 

e Positionable Radioactive Sources for Calibration 

Bragg Crystal Spectrometer 

2 

• 0.3 m Effective Area 

« Sixteen proportional Counter Module? 

• Eight Low Energy {approximately 0.4 to 1.25 KeV) 

• Eight High Energy (approximately 1,25 to 12 KeV) 

• Gas Supply for Maintaining Counter Pressure 

• X-Ray Tubes and Positionable Radioactive Sources for 
Calibration 

High-Resolution Gamma-Ray Ge(Li) Spectrometer 

2 

• Sixteen 6e(Li) Detectors* 16 cm each 

• CsI(Na) Active Collimator and Shields 

• Plastic Scintillator Charged-Particle Detector 

• Heater to Control Temperature of Cryogenically- 
Cooled Detectors 
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Energy calibration of the MWPC's will be accomplished with a radio- 
active source. The need for periodic calibration checks v/ill be satis- 
fied with a remotely positionable source holder attached to each module, 

3. 4. 1.2 Electronics Implementation with NIM/CAHAC 

All except a small portion of the electronics requirements can be 
appropriately satisfied with NIM and CAMAC modules. The amplifiers used 
to process the very low level signals produced by the HWPC anode wires 
must be located In close proximity to the chambers and cannot be conve- 
niently packaged in NIM or CAMAC form. The high voltage supplies needed 
for the aspect sensor photomultiplier tubes are also not available in 
NIM or CAMAC form. The block diagram in Figure 3-28 shows the NIM/ CAMAC 
implementation that fulfills the complete instrument requirements with the 
exception of the above mentioned items. 

The types of NIM/CAMAC modules used are identified in Table 3-18. The 
number in parentheses following the name of the system element is the 
number of times this element is required. The number of identical func- 
tional elements provided by each example module is given in the remarks 
column. 

Signal Processor . The signal processor includes all of the NIM and CAMAC 
modules required to process the MWPC amplifier outputs, identify the oc- 
currence of valid events according to pre-established criteria, and convey 
the event data to the central computer. The modules shown in the block 
diagram are required for each of the ten MWPC's; the complete instrument 
requires ten such NIM/CAMAC signal processor sets. 

Four discriminators provide logic pulses for use in the event determi- 
nation. Coincidence modules are used to identify two different types of 
events depending on the depth at which the photon energy was deposited in 
the chamber (near the front anodes or near the middle anodes). The edge 
anode and back anode signals are used in anti -coincidence to reject charged 
particles and events not arriving from the front of the chamber. Pulse 
shape discrimination is used to identify the characteristic shape of a 
MWPC pulse produced by X-ray energy deposition as distinguished from 
pulses produced by charged particle energy deposition. The rise times of 
the pulses are determined by differentiating the pulses with a shaping 
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Figure 3-28. Large Area Proportional Counter Array NIM/CAMAC Implementation 
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Table 3-18. NIM/CAMAC Implementation of Large-Area 
Proportional Counter Array 


System Element 

CAMAC 

Product Code 

Specific 

Example 

Comments 

Signal Processor 

Discriminator (50) 

NIM 

E6&G T308 

8 elements 

Summing Amplifier (TO) 

NIM 

ORTEC 433A 

2 elements 

Shaping Amplifier (lO) 

NIM 

ORTEC 451 


Zero Crossing Discrim- 
inator (10) 

NIM 

EG&G 1140 

4 elements 

Sequence Discriminator 
(10) 

Custom NIM 

not available 

4 elements 

Coincidence (20) 

NIM 

EG&G C315 

2 elements 

Scaler (50) 

111 

LRS2551 

12 elements 

Time-to-Digital 
Converter (10) 

161 

LRS222S 


ADC (10) 

161 

LRS2259 

12 elements, pulse type 

Input Register (20) 

123 

EG&G Cl 24 

24 elements 

Aspect Sensor 

Discriminator (4) 

NIM 

EG&G T308 

8 el ements 

Scaler (4) 

111 

LRS2551 

12 elements 


Power Supplies 


Detector High Voltage 


(10) 

Calibration 

NIM 

ORTEC 459 


Stepping Motor Driver 

(10) 

145 

JO SMC 


Position Encoder (10) 

117 

SEN 2IPE2019 

2 elements 

Gas Supply 

ADC (10) 

161 

KS3510 

16 elements, DC level 
type. 

Output Driver (10) 

133 

KS3040 

8 elements 
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amplifier and measuring the elapsed time between the leading edge (deter- 
mined by a discriminator) and the zero derivative point on the differen- 
tiated pulse (determine by by a zero crossing discriminator). A prelimi- 
nary rise-time selection is applied in real-time by a custom-built NIM 
sequence discriminator that produces an output logic pulse only if two 
input logic pulses appear in the proper sequence. The rise time require- 
ment is included in the event identification logic by applying the sequence 
discriminator output to the coincidence modules. In additiont the rise 
time is measured by a time-to-digital converter that measures the time be- 
tween the leading edge and zero crossing discriminator outputs. This time 
is recorded as part of the event data and can be used during off-line data 
analysis as a more precise X-ray pulse shape identi jT. 

An input register is used to record flags from the coincidence modules 
to identify the type of event. By having the CAMAG system inspect the 
contents of this register at a rate significantly higher than the event 
rate, the need for a separate event interrupt to the computer can be 
eliminated. If an event interrupt is available, it can be driven by an 
OR'ed output from the two coincidence units. 

Event energy determination is provided by an ADC that measures the 
amplitude of the MWPC signals. A set of five scalers is used to record 
the event rates from each group of MWPC wires and also the rate of events 
that are pulse shape analyzed. 

Aspect Sensor . A single aspect sensor assembly is used in conjunction with 
all ten MWPC modules. It includes two ultraviolet sensitive photomulti- 
plier tubes with Z-shaped slits. Two discriminators and two scalers are 
used to record star transit information from the aspect sensor. , 

Power Supplies . An individual NIM high voltage detector bias type supply 
is used to provide the high potential electric field required for proper 
operation of each MWPC. 

Calibration . The source used for energy calibration of each MWPC is 
positioned by a mechanism operated by a stepping motor. A CAMAC stepping 
motor driver module and a position encoder module are used to control the 
source position. One such set of calibration equipment is required for 
use with each of the ten MWPC modules. 
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Gas Supply . The gas pressure in each MWPC module is measured with a pres- 
sure transducer connected to a CAMAC dc level type ADC. Makeup gas is 
supplied as needed by pulsing a supply valve operated by a CAMAC output 
driver. One such gas supply system is required for used with each of the 
ten MWPC modules. 

3.4.2 Bragg Crystal Spectrometer 

3. 4. 2.1 Instrument Description 

This instrument consists of 16 MWPC modules, eight each of two types. 
The MWPC's in the low-energy spectrometer (LES) cover the X-ray energy 
range of 0.4 to 1.25 KeV while the MWPC‘s in the high-energy spectrometer 
(HES) cover 1.25 to 12 KeV. X-ray energy dispersion is provided by dif- 
fraction from positi enable crystals located in front of the chambers. 

The instrument is designed to provide very-high-energy resolution in 
order to observe recombination and absorption edges in the X-ray continuum 
and line structure of specific X-ray sources. The LES crystal might be 
KAP, for example, and the MWPC windows would be some very thin material 
such as the less than one-micron thick Parylene suggested for the large 
area proportional counter array. The HES crystal might be graphite or 
cal cite, and the MWPC windows could be beryllium on the order of ten microns 
thick. 

3. 4. 2. 2 Electronics Implementation with NIM/CAMAC 

All except a small portion of the electronics requirements can be 
appropriately satisfied with NIM and CAMAC modules. The amplifiers used 
to process the very low signals produced by the MWPC elements are very 
similar to those used for the large area proportional counter array MWPC 
modules. These specialized amplifiers must be located near the MWPC's and, 
in general, cannot be suitably packaged in NIM or CAMAC form. The block 
diagram in Figure 3-29 shows the NIM/CAMAC implementation for one of the 
eight identical low-energy spectrometer modules. Similarly, Figure 3-30 
shows the implementation for one of the eight identical high-energy spectro- 
meter modules. In each case, the NIM/CAMAC implementation fulfills the 
complete instrument requirements with the exception of the above mentioned 
amplifiers. 
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Figure 3-29. Bragg Crystal Low Energy Spectrometer NIM/CAMAC Implementation 
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Figure 3-30. Bragg Crystal High Energy Spectrometer MIM/CAMAC Implementation 





















The types of NIM/CAMAC modules used are identified in Table 3-19. 

The number in parentheses following the name of the system element is the 
number of elements required. The number of identical functional elements 
provided by each example module is given in the remarks column. 

Signal Processors . The signal processors include all of the NIM and CAMAC 
modules required to process the MWPC amplifier outputs, identify the occur- 
rence of valid levents according to pre-established criteria, and convey the 
event data to the central computer. The complete instrument requires eight 
sets of the LES modules shown in Figure 3-29 and eight sets of HES modules 
shown in Figure 3-30. 

In the LES, five discriminators provide logic ’^"ises for use in event 
determination. A coincidence module is used to identify the occurrence of 
an event associated with either the wide field-of-view or narrow field-of- 
view anodes. The guard anodes are used in anti -coincidence to reject 
charged particles and events not arriving from the front of the chamber. 
Pulse shape discrimination is used to identify the characteristic shape of 
an MWPC pulse produced by X-ray energy deposition as distinguished from 
pulses produced by charged -particle energy deposition. The implementation 
of the pulse shape analysis function with NIM/CAMAC modules is the same as 
that discussed for the large area proportional counter array. 

Summing amplifiers are used to provide an analog OR of the outputs of 
the MWPC resistive readouts since only one of the readouts will be active 
for a single event. The readout provides position information by acting 
as a voltage divider with the fraction of the signal appearing at one end 
proportional to the location at which the input was applied to the, resis- 
tive element. The signal from the end of the resistive element is digi- 
tized by an ADC, and the position information is recovered during off-line 
data analysis. An input register is used to record flag bits indicating 
which of the readouts participated in a given event. A separate ADC is 
used to measure the energy deposited in the MWPC and six scalers record 
the event rates for various parts of the LES. 

In the HES, five discriminators provide logic pulses for use in event 
determination. A coincidence module is used to identify the occurrences 
of an event associated with any of the four signal anodes. The twelve 
guard anodes are used in anti -coincidence to reject charged particles and 
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Table 3-19. NIM/CAMAC Implementation of 
Bragg Crystal Spectrometer 

CAMAC Specific 

System Element Product Code Example Comments 


Signal Processors 


Discriminator (96) 

HIM 

EG&G T308 

8 elements 

Summing Amplifier (321 

HIM 

ORTEC 433A 

2 elements 

Shaping Amplifier (16) 

HIM 

ORTEC 451 


Zero Crossing 




Discriminator (16) 

HIM 

EG&G T140 

4 elements 

Sequence Discriminator 




16) Custom NIH 

not available 

4 elements 

Coincidence (16) 

HIM 

EG&G C315 

2 elements 

Scaler (96) 

111 

KS3610 

6 elements 

Time-to-Digital 




Converter (16) 

161 

LRS2228 


ADC (32) 

161 

LRS2259 

12 tlements, pulse type 

Input Register (48) 

123 

EG&G Cl 24 

24 elements 

Power Supplies 




Detector High Voltage 




(16) 

HIM 

ORTEC 459 


Crystal Positloninti ■ 




Stepping Motor Driver (2) 

145 

JO SMC 


Position Encoder (2) 

117 

SEN 2IPE2019 

2 elements 

Calibration 




Output Driver (2) 

133 

KS3040 

8 elements 

Stepping Motor Driver (2) 

145 

JO SMC 


Position Encoder (2) 

117 

SEN 2IPE2019 

2 elements 

Gas Supply 




ADC (16) 

161 

KS3510 

16 elements, DC level 




type 

Output Driver (16) 

133 

KS3040 

8 elements 
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events not amvlng from the front of the MWPC‘s. Pulse shape discrimina- 
tion is used in the same way and with the same implementation as in LES. 

An ADC is used to measure the energy deposited in the chamber and six 
scalers record the event rates for various parts of the HES. 

Power Supplies . An individual NIM high-voltage detector bias-type usually 
is used to provide the high-potential electric field required for proper 
operation of each MWPC, A total of 16 supplies are required for the com- 
plete instrument. 

Calibration . The calibration system uses both radioactive sources and 
X-ray tubes. A CAMAC output driver is used to operate the tube and a 
stepping motor driver-position encoder combination used to position the 
source. One such set of modules is required for use with each of the 16 
MWPC's. 

Gas Supply . The gas pressure in each MWPC module is measured with a pres- 
sure transducer connected to a CAMAC dc -level -type ADC. Makeup gas is 
supplied as needed by pulsing a supply valve operated by a CAMAC output 
driver. One such gas supply system is required for use with each of the 
16 MWPCVs. 

Crystal Positioning . Each of the spectrometer assemblies has a crystal 
that must be scanned by changing the angle of its front surface with re- 
spect to the MWPC's, This angular control is provided by a stepping mo- 
tion driver-position encoder combination. Two such assemblies are required 
for the complete Instrument. 

3.4.3 High-Resolution Gamma-Ray Ge(Li) Spectrometer 
3.4.3. 1 Instrument Description 

This instrument consists of 16 Ge(Li) detectors, each with 16-cm^ 
useful area. These detectors are encased in a Csl (Na) scintillator assem- 
bly that provides active collimation and shielding. A plastic scintillator 
sheet covers the front of the instrument and is used to reject events due 
to charged particles entering the collimated aperture of the instrument. 

The Ge(Li) detectors are attached to a cold plate that provides the. cor- 
rect thermal environment for these solid stats tievicas. The basic cooling 
capability is provided by a stored solid cryogen, and precise temperature 
control is achieved with the use of an active heater. 
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The instrument will be used to search for discrete sources of gamma- 
ray line emissions in the 0.06 to 10 MeV energy range. It will also be 
used to measure the gamma-ray spectrum and intensity of discrete sources, 
the diffuse background, and the earth's albedo. 

3.4. 3. 2 Electronics Implementation with NIM/CAMAC 

The electronics requirements for the entire ganwa-ray spectrometer 
can be appropriately satisfied with NIM and CAMAC modules except for the 
high-voltage power supplies needed for the photomultiplier tubes (PMT) 
used with the scintillation detectors. The block diagram in Figure 3-31 
shows the NIH/CAMAC implementation that fulfills the complete instrument" 
requirements with the exception of the PMT high-voltage supplies. 

The types of NIH/CAMAC modules used are identified in Table 3-20. 

The number in parentheses following the name of the system element is the 
number of elements required. The number of identical functional elements 
provided by each example module is given in the remarks column. 

Signal Processor . The signal processor includes all of the NIM and CAMAC * 
modules required to process the Ge(Li) and scintillator detector outputs, 
identify the occurrence of valid events according to pre-established cri- 
teria, and convey the event data to the central computer. The modules 
shown in the block diagram are sufficient to implement the complete instru- 
ment. 

A total of 24 discriminators are needed to provide logic pulses for 
use in event determination. Tv/enty of these are used with a single coin- 
cidence function to identify Valid Ge(Li) events. Signals from the active 
collimator and shield assembly are used in anti-coincidence to define the 
field-of-view of the instrument. A signal from the charged-particle de- 
tector covering the aperture is used in anti -coincidence to identify gamma- 
ray events. The active shield is divided into two parts to identify posi- 
tron annihilation events. A pair of discriminators is used with each 
shield half as a single-channel energy analyzer. A coincidence element is 
used to identify events resulting in the characteristic photon energy 
(.511 HeV) from an electron-positron annihilation being deposited in each 
shield half. 
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Figure 3-31. High-ResDlution Gamma Ray Spectrometer NIM/CAMAC Implementation 
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A shaping amplifier and a high-resolution 14-bit ADC are used to 
condition and digitize the signal from each Ge(Li) detector. A set of 21 
scalers record the event rates occurring in various parts of the instru- 
ment. An input register is used to flag the occurrence of an event for 
computer readout. 

Power Supplies . Individual NIM power supplies are used to establish the 
correct operating bias for each of the 16 6e(L1) detectors. 

Detector Thermal Control . A dc-level-type ADC is used to determine the 
detector operating temperature by means of a sensor mounted on the cold 
plate. A digital -to -analog converter provides control of the heaters 
used to adjust the plate temperature. A single assembly establishes the 
same temperature for all 16 detectors. 

3.4.4 X-Rav/Samma-Rav Pallet Summary 

Tables 3-21 and 3-22 summarize the results of the NIM/CAMAC implemen- 
tation for the X-ray/gamraa-ray pallet. In each case, the table entry 
reflects the number of modules required. As noted in the comments column 
of the tables for the individual instruments, many of these modules pro- 
vide a number of identical functions. Thus, the number of NIM/CAMAC mod- 
ules listed in Tables 3-21 and 3-22 provide a significantly larger number 
of functions for the instruments. 

Because NIM equipment is widely used in ground-based laboratories to 
implement similar instrumentation, it is not surprising that Table 3-21 
indicates a requirement for a large number of NIM modules. CAMAC is also 
widely used in this type of ground-based instrumentation and, hence, 

Table 3-22 also shows a requirement for a large number of CAMAC modules. 
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Table 3-21: X-Ray/Gamma Ray Use of NIM Equipment 

Instruments 

Proportional Bragg Crystal Gamma Ray 



Counter Array 

Spectrometer 

Telescope 

Amplifiers 

Shaping 

10 

16 

lb 

Sum/Invert 

5 

44 


Discriminators 

Fast - Integral 

7 

12 

3 

Zero - Crossing 

3 

4 

1 

Logic Units 

10 

8 

High Voltage Power Supplies 

10 

16 

16 

Bins 

5 

9 

3 

Special Modules 

Sequence Discriminator 

3 

4 



Table 3-22; X-Ray/Gamma Ray Use of CAMAC Equipment 



CAMAC 

Product 

Code 

Proportional 

Bragg Crystal 

Gamma Ray 


Counter Array 

Spectrometer 

Telescope 

Scalers 

111 

5 

16 

2 

Position Encoders 

117 

5 

3 


Coincidence Latch 

123 

1 

3 


■’’imed Triac Output 

133 

2 

3 


ADC's 

161 



16 

High Resolution 
Peak (10 bit) 


1 

4 


Scanning 


1 

1 


Time Digitizer 
DAC's 

162 

10 

16 

1 

Branch Driver 

211 


Share 1 

1 

Crate Controllers 

231 

2 

3 

Crates 

411 

2 

3 

1 


Totals 


42 

49 

22 

7 

19 

42 

17 


7 


Totals 

23 

8 

4 

5 

16 

5 
2 

26 

1 

1 

6 
6 
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3.5 ATMOSPHERIC, MAGNETOSPHERIC PLASMAS IN SPACE 

The Atmospheric, Magnetos pheric Plasmas 1n Space (AMPS) payload was 
formed by the amalgamation of the Plasma Physics and Environmental Per- 
turbation Laboratory and the Atmospheric Science Facility. The extensive, 
experimental capability provided by this composite AMPS Laboratory is 
shown diagrammatically in Figure 3-32. The proposed Laboratory is capable 
of conducting both active and passive experiments in space. In .addition, 
it has the capability of performing laboratory-type plasma physics experi- 
ments in space, in cases where the space environment provides the experi- 
ments with special advantages. 

The active experiments involve the injection of particles, waves, 
gas, or physical. bodies into the magnetos pheric plasma. The amount of 
material introduced will determine the type of active experiment to be 
performed. If the injected material is either of a lower density than 
the local plasma or, in the case of physical bodies, is much smaller 
dimensionally than the Orbiter, then the injected material will be used 
to perform tracer- type experiments. However, if the material is of a 
higher concentration than the local environment, or the body is large com- 
pared with the Orbiter (which is really a large perturbation experiment 
in itself), then the space environment has been radically changed and 
perturbation-type investigations can be performed. This latter type of 
experimental technique will allow phenomena, that have been observed only 
randomly in the past, to be produced in a controlled fashion for detailed 
study with an extensive array of diagnostics. 

In addition to the active experiments, the laboratory will perform 
experiments more in keeping vnth the type of experiment that has been 
flown on satellites. These measurements are of a passive nature where 
temporal measurements of the prevailing space condition can be performed. 
Simultaneous measurements of many of the magnetospheric parameters in 
this passive mode will allow an extensive analysis of correlated phenomena. 
This type of data will help untangle the vast number of phenomena that 
have been observed in the past but not fully understood. In addition, 
the passive instrumentation can be used to monitor the effect that the 
active experiments have on the magnetospheric plasma. 
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Figure 3-32. AMPS Experiment Categories 
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The final category of plasma physics in space is obviously a new 
concept. There are many experiments carried out in ground laboratories 
where the vacuum chambers in which they are performed are a serious handi- 
cap. These include low-frequency wave propagation experiments, contain- 
ment of dense -energetic plasmas, wave-particle interaction studies, etc. 

The utilization of the space environment will enhance the ability of the 
experimenter to obtain pertinent data on these effects. 

The experiments that are proposed for the AMPS facility require 
extensive data management capability. The complexity of the experiments 
requires an extensive control and monitoring capability of the actual 
perturbing system together with the capability to handle the data coming 
in from the associated experimental diagnostics. It appears that there 
is a need for on-board data processing with a substantial data storage 
capability and a telemetry link with ground control. In order to obtain a 
reasonable estimate of the suitability of NIM/CAMAC system for implemen- 
tation of the control and data management systems (CDMS), one experiment 
from each of the areas shown in Figure 3-32 was selected as a typical 
example and analyzed. 

The six experiments selected for analysis are summarized in Table 
3-23. The Instrumentation required to perform each of these experiments 
along with the implementation of the data acquisition and experiment 
control functions with NIM and CAMAC equipment will be described in the 
following sections. The composite requirements for an AMPS payload capable 
of performing this group of representative experiments will be tabulated 
in the last section. 

3.5.1 Accelerator Experiment 

3. 5. 1.1 Experiment Description 

The accelerator systems that have been proposed for AMPS include four 
types of accelerators: electron accelerators, ion accelerators, plasma 
guns, and MPD arcs. The example we will consider is a typical tracer-type 
experiment to determine magnetic field line configuration. In this sv'.'.i- 
ment, a beam of 30-KeV electrons is fired from the Space Shuttle and is 
directed along a magnetic fieldline to the other hemisphere. Here, a por- 
tion of the electrons in the beam are reflected back along the fieldline 
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Table 3-23. AMPS Experiment 

A ccelerator Experiment 

e Active Experiment - Injecting one amp of 30-keV electrons into 
magnetosphere 

• Electrons "bounce" between hemi:>f-r •'os along magnetic field lines 

• Measures magnetic field line leng , , < lectric fields along field 
lines, and whether field lines art open or closed 

Perturbing Body Experiment 

• Active Experiment - Placing a moving body of known geometery into 
the space plasma 

• Body causes changes in local particle populations 

t Measures dependence of disturbed region on body shape, size, 
material , etc. 

Chemical and Gas Release Experiment 

• Active Experiment - Injecting a large quantity of barium ions into 
magnetosphere 

• Optically visible ions move along magnetic field line but cross 
field drift occurs due to electric fields 

« Measures large-scale, greater than 1 km, electric field strength 
and gradients 

Electromagnetic and Electrostatic Wave Experiment 

« Active Experiment - Injecting waves into the magnetosphere 

• Waves propagated from one antenna to a receiving antenna in range 
of one to ten kHz 

• Measures wave propagation near the lower hybrid frequency 

Passive Studies 

• Observation of naturally occurring atmospheric emissions 

• Range of optical instrumentation over the spectral range of 
300 to 10,000 A 

Magnetic Confinement Studies in Space 

• Laboratory Type Experiments - Including studies of plasma contain- 
ment in the absence nf v/all effects 

o Magnetic field for plasma containment 

• Study of particle confinement by magnetic fields and wave growth 
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by the processes of conision with atmospheric particles and magnetic 
mirroring. These returning electrons interact with the atmosphere behind 
and below the Space Shuttle. The resultant excitation of the atmospheric 
neutral atoms produces a large quantity of photons that can be observed 
from the Shuttle with optical diagnostics. 

The combination of instrumentation required to perform this experi- 
ment consists of the electron accelerator and its associated control sys- 
tem, used to generate the electron beam, and diagnostic equipment of 
several types. A group of particle analyzers (three Faraday cups and an 
electrostatic analyzer) are used to measure the ejected beam characteris- 
tics such as intensity, energy, and spatial distribution. Magnetic and 
electric field probes determine the local field characteristics. Together, 
these diagnostic measurements determine the initial conditions of the 
experiment. An optical diagnostic package consisting of six filter photo- 
meters is used to observe the intensity and spectral characteristics of 
the emissions generated by the impact of the return electron beam on the 
atmosphere. A low-light-level TV system would also be used to monitor 
the optical emissions, but as discussed in Section 3.1.1, video systems 
are assumed to be handled with the existing Space! ab facilities. 

3. 5. 1.2 CDMS Implementation with NIM/CAMAC 

The accelerator experiment will require extensive support from the 
Spacelab CDMS to implement the accelerator operation and process the data 
generated by the diagnostic instrumentation. The experimenter will pro- 
gram the computer through the keyboard unit to determine the accelerator . 
operating conditions that are required for the next beam ejection. Examples 
of this operation are initiating, monitoring and controlling the rate at 
which the energy storage capacitor bank on the pallet is charged by a low- 
voltage power processor. The predetermined settings for electron source 
operation will be programmed to produce the required electron current, and 
the pitch angle of the beam is controlled by programming the strength of 
the magnetic field in the beam deflection system. Once the electron beam 
conditions have been determined, the appropriate experimental conditions 
for the diagnostic equipment will be programmed. At the correct moment, 
the capacitor bank is discnarged through e high-voltage power processor 
and the high-voltage switch is closed to allow the resultant high voltage 
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to reach the accelerator. The emitted beam is examined for electron energy, 
wave production, and cross-sectional density variations. The returning 
beam's interaction with the atmosphere will be monitored by the optical 
equipment on the pallet. 

Figure 3-33 is a block diagram of the system implementation using NIM/ 
CAMAC. NIM and CAMAC modules located in the Space! ab module are used to 
provide the interface between the pallet-mounted primary experiment instru- 
mentation and the Space! ab CDMS. The electronics directly associated with 
the accelerator involve high-power circuitry that cannot be implemented with 
HIM or CAMAC modules. Also, as we have seen in many of the instruments, the 
diagnostic equipment requires low-level signal processing circuits located 
in close proximity to the sensors where it is also not reasonable to use 
NIM or CAMAC modules. The NIM and CAMAC modules used for the accelerator 
experiment are listed in Table 3-24. 

Accelerator Control - CAMAC modules are used to provide the various func- 
tions required to control and monitor the electron accelerator. Five 
analog control signals are provided by a portion of an eight-channel DAC 
and twelve discrete digital control signals are provided by an optically- 
isolated output driver. The capability to monitor and process both analog 
and discrete digital outputs from the accelerator control unit is provided 
by a portion of a 16-channel slow ADC and a 24-channel, optically-isolated, 
input register. Although the detailed number of input and output signals 
required for accelerator control has not been established, the capability 
provided is conservatively believed to be adequate. 

Beam and Field Diagnostics - The conditioned output signals from the three 
Faraday cups are processed by three channels of the multichannel ADC used 
in the accelerator control system. High voltage for the Faraday cups is 
provided by HIM-packaged, anal og-voltage-controll able, high-voltage power 
supplies. The control signals for these supplies is provided by three 
channels of the DAC used for accelerator control. 
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Figure 3-33. AMPS Accelerator Experiment NIM/CAMAC Implementa.tion 
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Table 3-24. NIH/CAMAC Equipment for Accelerator Experiments 



CAMAC 

Specific 


System Element 

Product Code 

Example 

Comments 

Accelerator Control 

DAC's 

162 

KS3110 

Octal Unit - share with 
elements below. 

Output Driver 

133 

KS3028 

12-bit> optically isolated. 

input Register 
ADC's 

121 

KS3471 

24-bit, optically isolated. 

161 

KS3510 

16 channel - share with 
Faraday cups. 

Faraday Cup (X3) 

ADC 

161 

KS3510 

Share with accelerator 
control . 

DAC 

162 

XS3110 

Share accelerator unit. 

HV Power Supply 

NIM 

ORTEC 456 


Electrostatic Analyzer 

Scaler 

111 

B01004A 

Quad Unit - share with 
photomultipliers. 

DAC 

162 

KS3110 

Octal Unit - share with 
photomultipliers. 

Discriminator 

NIM 

LRS620AL 

Octal Unit - share with 

HV Power Supply (2) 

NIM 

ORTEC 456 

photomultipliers. 

Electric Field Probe 

ADC 

161 

B01244A 


Output Driver 

133 

B01082 

Dual Unit - share below. 

Wave Analyzer 

NIM 


Custom unit, could be NIM- 
packaged. 

Magnetic Field Probe 

ADC 

161 

B01244A 


Output Driver 

133 

B01082 

Share with Electric Field 
Probe. 

Wave Analyzer 

NIM 


Custom unit, could be NIM- 
packaged. 

Photomultiplier (X6) 

Scaler 

111 

B01004A 

Quad units, share one with 
ESA. 

DAC 

162 

KS3110 

Octal Unit, share with ESA, 

Discriminator 

NIM 

LRS620AL 

Octal Unit, share with ESA. 

HV Power Supply 

NIM 

ORTEC 456 



124 


The electrostatic analyzer (ESA) requires two progranmable high voltages 
to scan particle energy distributions. These high voltages are provided by 
the same DAC/programmable power supply combination used for the Faraday cups. 
The ESA output signals are fast voltage pulses which are converted to stan- 
dard NIM fast logic pulses by one channel of a fast, octal NIM discriminator. 
The discriminator outputs in turn are counted with one channel of a four- 
channel C/y^AC scaler. 

After signal conditioning at the probe, the output signals of both the 
magnetic and electric field probes have essentially the same processing 
requirement. The frequency spectrum of the output analog signal is analyzed 
by a NIM-packaged wave analyzer. There is no such module on the market to- 
day, but the device could be implemented in NIM form. We have assumed an 
analog output from the wave analyzer which is digitized by a fast, high- . 
resolution CAMAC ADC. The frequency scanning program and data transfer of each 
wave analyzer are controlled by one-half of a dual 16-channel output driver. 

Optical Diagnostics - The optical diagnostic instrumentation consists of 
six single-channel, fixed-wavelength, filter photometers using photomulti- 
plier sensors. .The control and data handling for each unit is identical. 

The conditioned output signal consists of fast voltage pulses that are stan- 
dardized by a fast NIM discriminator. The discriminator output pulses are 
counted with a CAMAC scaler. Controllable high-voltage power for each unit 
is provided by the same DAC/HVPS combination used in the particle diagnostic 
equipment. 

3.5.2 Perturbing Body Experiment 
3. 5. 2.1 Experiment Description 

This experiment Involves the interaction between a body, vehicle, or 
structure moving through space and the local space plasma. The overall 
objective of the experimental program is to study the axial and transverse 
dimensions of the perturbed zone created by the moving body due to its rapid 
motion through the space environment. 

The experiment selected is one in which a large insulated inflatable 
body is deployed with the aid of a boom to a distance of approximately fifty 
meters in front of the Orbiter. The body is inflated and the region around 
the body is explored with two diagnostic packages also mounted on booms. 
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One diagnostic package will remain stationary while the other package is 
moved around the perturbing body taking measurements. In this way, the 
stationary package acts as a reference point for the moving system. A 
third diagnostic package is located on a pallet in the payload bay. The 
quantities to be measured will be the electron and ion currents, densities, 
temperatures; and plasma wave production as a function of distance and 
direction from the wave-producing body. 

3. 5. 5.2 CDMS Implementation with NIM/CAMAC 

In general, it appears that this experiment requires only moderate CDMS 
support. A block diagram of the CDMS that is required for this experiment 
is shown in Figure 3-34. The major control functions are the positioning 
of each of the booms and control of the level of inflation of the perturbing 
body. CAMAC modules are used as the interface between the Spacelab CDMS and 
the actual boom drive motors. 

Each of the three identical diagnostic packages will include low-level 
signal conditioning electronics as part of the various sensors. Only the 
final stages of signal processing and data acquisition will be implemented 
with NIM and CAMAC equipment located in the Spacelab module. Control for 
the diagnostic instrumentation is provided in the form of programmable high- 
voltage power. A list of the NIM and CAMAC modules required to implement 
the perturbing body experiment is given in Table 3-25. 

Boom and Deployable Body Control - Digital input control signals for the 
boom drive motor control electronics are provided with CAMAC stepping motor 
control units that generate serial pulse trains for both clockwise and 
counterclockwise movement. Control of two motors for each boom is provided. 
CAMAC input registers are used to accept parallel digital data from the 
position encoders on each boom. A portion of an eight-channel CAMAC DAC is 
used to provide input analog signals to control the body inflation system. 

Diagnostic Packages - The electron and ion density and temperature probes 
have identical control and data acquisition requirements. The electrometer 
associated with each probe produces a differential analog voltage output 
that is proportional to the probe current. No NIM-packaged differential 
amplifiers suitable for processing this signal are currently available, so 
a custom-built NIM-packaged unit has been assumed. The analog output from 
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Figure 3-34. AMPS Perturbing Body Experiment NIM/CAMAC Implementation 










Table 3-25. NIH/CAMAC Equipment for Perturbing Body Experiments 


CAMAC Specific 

System Element Product Code Example Comments 


Boom and Body Control 


Stepping Motor Control- 

lers (3) 

145 

KS3360 

Dual units 

Input Register (2) 

121 

NE7059-1 

Used to record boom posi- 

DAC 

162 

KS3110 

tions. 

Octal Unit - share below. 

Electron Density/ 
Temperature Probe (X3) 

ADC 

161 

KS3510 

16 channel, share with 

DAC 

162 

KS3110 

below. 

Share with Boom Instruments 

Differential Amplifier 

NIM 


Custom unit, could be NIM- 

Scan Voltage Power 

NIM 

ORTEC 456 

packaged. 

Ion Density/Temoerature 
Probe (X3) 

ADC 

161 

KS3510 

Share with Electron Probe. 

DAC 

162 

KS3110 

Share with Boom Instruments 

Differential Amplifier 

NIM 


Custom unit, could be NIM- 

Scan Voltage Power 

NIM 

ORTEC 456 

packaged. 

Flux Gate Probe (X3) 

ADC 

161 

KS3510 

Share with Electron Probe. 

Output Driver 

131 

B01082 

Turn power supplies on/off. 

Retarding Potential 
Analyzer (X3) 

Seal er 

111 

B01004A 

Quad unit 

DAC 

162 

KS3110 

Share with Plasma Wave 

Output Driver 

133 

B01082 

Probe . 

Turn power supplies on/off. 

Discriminator 

NIM 

LRS621AL 

Quad unit 

Power Supply 

NIM 

ORTEC 456 


Plasma Wave Probe (X3) 

ADC 

161 

KS3510 

Share with Electron Probe. 

DAC 

162 

KS3110 

Share unit above. 

Power Supply 

NIM 

ORTEC 456 
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this amplifier is sampled and digitized by a multichannel slow CAMAC ADC. 

The sampling of the ADC is done in synchronism with the scanning of the 
probe high voltage. The high voltage is provided by the frequently-used 
combination of a NIM analog voltage controllable high-voltage pov/er supply 
and a CAM AC DAC. 

The magnetic flux gate probes provide conditioned analog output voltages 
that are directly suitable for digitization by a multichannel slow CAMAC ADC. 
Only discrete digital control signals are required for turning probe low- 
voltage power supplies on and off. A CAMAC output driver is used to provide 
these signals with a large number of spare channels available. 

The control and data handling electronics required for the retarding 
potential analyzer is essentially identical to that required for the elec- 
trostatic analyzer previously discussed. Additional control in the form of 
discrete digital signals to turn low voltages on and off is provided. 

Finally, the plasma wave probe must contain a reasonable amount of sig- 
nal conditioning circuitry at the sensor to generate an analog output signal 
that is directly compatible with a slow, multichannel CAMAC ADC. Again, 
programmable high voltage is provided by a DAC/HVPS combination. 

3.5.3 Gas and Chemical Release Experiment 

3. 5. 3.1 Experiment Description 

The technique of injecting gases and chemicals into the local plasma 
can provide information on a variety of topics from auroral precipitation 
to excitation chemistry. The particular experiment selected in this cate- 
gory is the technique of using chemical releases as tracer diagnostics. 

The aim of the experiment is to investigate electric fields in the magneto- 
sphere below 400 kilometers. A canister containing barium metal and copper 
oxide is ejected from the Shuttle and ignited. About five percent of the 
barium is converted into atoms with a kinetic energy of several tens of 
electron volts obtained from the Shuttle's orbital velocity. A large per- 
centage of these atoms are converted to ions by sunlight within several 
minutes. The cloud then moves downward along the magnetic field line under 
the Influence of gravity. The ions also drift across the magnetic field. 
Above 200 kilometers, where the effect of neutral wind is small, this cross 
field drift is due to an "E X F force. From this drift, the magnitude and 
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direction of the electric field can be calculated. The ions are detected 
and tracked by their optical emissions. 

Several types of diagnostic instrumentation are required for this 
experiment. Complete local magnetic and electric field measurements are 
desirable. A diagnostic package of three-axis, electric and magnetic AC 
and DC field probes is deployed on a boom. Energetic particle analyzers 
are also included in the boom diagnostic package to determine the local con- 
ditions. Optical diagnostics consist of a filter photometer mounted on the 
pallet. Since the phenomena being observed are relatively slow varying, a 
single instrument with a variety of interchangeable filters can be employed. 
The low-light-level TV system would also be used, but is not explicitly 
included here since it does not utilize NIM or CAMAC equipment as previously 
discussed. The otpical observations would ideally also be complemented by 
ground-based observations of the barium cloud, 

3. 5. 3. 2 CDM5 Implementation with NIM/ CAMAC 

The NIM/CAMAC implementation of the CDMS for the experiment is shov;n in 
Figure 3-35, Since most of the instrumentation required to perform the 
experiment has already been treated in the discussion of the previous two 
experiments, only a brief discussion of the new elements will be given. The 
NIM and CAMAC modules used for this experiment are identified in Table 3-26. 

Cannister Control - Discrete digital signals are provided by a CAMAC output 
driver to initiate cannister ejection and ignition. A CAMAC input register 
(shared with the boom control function) is used to monitor the status of the 
cannister ejection mechanisms. 

Pa rticle and Field Diagnostics - The only new item included is provision for 
DC field measurements. The field probe signal conditioning electronics out- 
puts an analog voltage that is digitized with a slow CAMAC ADC. All of 
these signals are processed with an eight-channel module. 

Optical Diagnostics - The only difference between the optical diagnostics 
for the experiment and the accelerator experiment is requirement to control 
the movable filter wheel. This is handled by a CAMAC stepping motor driver. 
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Figure 3-35. AMPS Chemical Release Experiment NIM/CAMAC Implementation 











Table 3-26. NIM/CAMAC Equipment for Chemical and 
Gas Release Experiment 


CAMAC Specific 

System Element Product Code Example Comments 


Electric and Magnetic 
Field Measurements fX3l 


ADC - Fast {2) 

161 

B01244A 


ADC - Slow 

161 

EGG AD811 

Octal Unit 

Output Driver 

133 

B01082 

Dual, 16-bit unit. 

Wave Analyzer (2) 

NIM 


Custom unit, could be NIM- 
packaged. 

Electro-Static Probe 

Scaler 

111 

B01004A 

Quad Unit, share below. 

DAC 

162 

KS3110 

Octal Unit - share below. 

Discriminator 

NIM 

LRS621AL 

Quad Unit, share below. 

HV Power Supplies (2) 

NIM 

ORTEC 456 

Retarding Potential Probe 

Scaler 

111 

B01004A 

Quad Unit, share with ESA. 

DAC 

162 

KS3110 

Share octal unit above. 

Discriminator 

NIM 

LRS621AL 

Quad Unit, share with ESA. 

Power Supply 

NIM 

ORTEC 456 

Photomultiplier Tube' 

Scaler 

111 

B01004A 

Quad Unit, share with ESA. 

DAC 

162 

KS3110 

Share with octal unit above 

Stepping Motor Driver 

145 

KS3361 


HV Power Supply 

NIM 

ORTEC 456 


Boom and Cannister Control 

Stepping Motor Control 

145 

KS3360 


Input Register 

121 

NE7059-1 


Output Driver 

133 

B01082 



3.5.4 Electrostatic and Electromagnetic Wave Experiment 

3. 5. 4.1 Experiment Description 

The main aim of this experimental area is to study the effect of modi- 
fying the environment of the magnetosphere by the injection of electromag- 
netic and electrostatic waves. The experiment that was chosen as a typical 
example of one of the early wave propagation studies on Shuttle is the study 
of electrostatic wave propagation near the lower hybrid resonance (LHR) 
frequency. 

The apparatus required to perform this experiment consists of an antenna 
system that is mounted on an extendable boom. The antenna is composed of 
four spherical electrodes about two cms in diameter that are mounted at the 
four corners of a square with sides of four meters in length. The boom 
needs to be long enough to remove the system to a position where the magne- 
tic perturbations at the sensor should be less than one percent of the local 
field. This may be fifty meters or so from the Shuttle. The electrodes are 
connected so as to form two parallel dipoles, one of which is used for trans- 
mitting and the other for receiving. Therefore, this can be carried out in 
four possible ways. The plane of the probe square is orientated so that it 
is perpendicular to the direction of the earth's magnetic field. The boom- 
mounted instrumentation comprised of a stepped-frequency transmitter and a 
superheterodyne receiver, measures the transfer impedance between the two 
dipoles as a function of frequency. The predictions are that the impedance 
should peak at the LHR frequency and above this value should indicate 
electrostatic propagation. 

Instrumentation to measure the local plasma characteristics is also 
located on the boom. It consists of an AC and DC magnetic field probe as 
well as electron and ion density and temperature probes. 

3. 5.4. 2 CDMS Implementation with NIM/CAMAC 

This experiment requires only a modest amount of CDMS support. Most of 
the types of instruiftantation used to perform the experiment have already 
been encountered in the previously discussed experiments. The block diagram 
of the CDMS is shown in Figure 3-36 and the usual tabulation of NIM and 
CAMAC modules used is given in Table 3-27. 
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Figure 3-36. AMPS Lower Hydrid Frequency Experiment NIM/CAMAC Implementation 
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Table 3-27. NIM/CAMAC Equipment for Lower Hybrid Frequency 
Experiments 



CAMAC 

Specific 


System Element 1 

Product Code 

Example 

Comments 

Antenna and Boom Control 

Stepping Motor Control 




lers (2) 

145 

KS3360 

Dual units 

Input Register 

121 

NE7059-1 

Used to record positions. 

Output Driver 

133 

B01082 

Share below. 

DAC 

162 

KS3110 

Octal Unit, share below. 

Antenna Array 

ADC - Fast 

161 

B01244A 


Output Driver 

133 

B01082 

Share with Antenna Control, 

Wave Analyzer 

NIM 


Custom unit, could be NIM- 
packaged. 

Magnetic Field Probe 

ADC - Fast 

16' 

B01244A 


ADC - Slow 

161 

KS3510 

16 channel, share below. 

Output Driver 

133 

B01082 

Share with Antenna Control. 

Wave Analyzer 

NIM 


Custom unit, could be NIM- 
packaged. 

Electron Probe 

ADC - Slow 

161 

KS3510 

Share with Magnetic Field 
Probe. 

DAC 

162 

KS3110 

Share with Antenna Control. 

Differential Amplifier 
Scan Voltage Power 

NIM 


Custom unit, could be NIM- 
packaged. 

Supply 

NIM 

ORTEC 456 


Ion Probe 

ADC - Slow 

161 

KS3510 

Share with Magnetic Field 
Probe. 

DAC 

162 

KS3110 

Share with Antenna Control. 

Differential Amplifier 

NIM 


Custom unit, could be NIM- 
packagt i. 

Scan Voltage Power 

NIM 

ORTEC 456 


Supply 
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The antenna array instrumentation is unique to this experiment. The 
boom-mounted transmitter and receiver are not themselves suitable for NIM 
or CAMAC implementation. The same special NIM-packaged wave analyzer pre- 
viously used with field probes is for spectrum analysis of the receiver 
output signal. The CAMAC output driver used to control the wave analyzer 
is also used to provide discrete digital signals for transmitter control 
and array switching control signals. 

3.5.5 Laboratory Plasma Physics in Space 

3. 5. 5.1 Experiment Description 

The performance of laboratory-type plasma physics experiments in space 
is perhaps the most speculative and least defined of the studies proposed 
for AMPS. The experiment selected as an example for CDMS analysis is in- 
tended to investigate magnetic confinement of plasmas. The experiment 
requires the deployment of a large electromagnet in the vicinity of the 
Shuttle to confine plasmas. This will allow studies of basic plasma proper- 
ties unhampered by the normal restrictions of impurities resulting from 
interactions of the plasma with the walls of the confinement vessel. Under 
these conditions plasma wave instabilities, at the low density of the iono- 
spheric plasma close to the Shuttle, would have growth and decay rates many 
orders of magnitude faster than typical laboratory plasmas. This would 
allow detailed examination of these phenomena to be carried out. 

The main apparatus would be mounted on a boom and consists of two magnet 
coils in a mirror configuration as well as a plasma gun to enhance the trapped 
plasma. Diagnostic instrumentation includes a laser source with associated 
photomultiplier detectors to monitor the trapped plasma density, an AC mag- 
netic field probe, and a triaxial energetic particle analyzer to determine 
particle energy distributions. 

3. 5.5. 2 CDMS Implementation with NIM/ CAMAC 

As has been the case for most of the AMPS experiments, CAMAC equipment 
will be used as interface between the Spacelab CDMS and the experiment 
mounted on the pallets or deployed on booms. The control requirements of 
this experiment include magnet control, plasma gun control, laser control, 
and boom control. The diagnostic instrumentation presents only one new 
requirement so far as the CDMS is concerned -- the energetic particle 
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analyzers. A block diagram of the CDMS is shown in Figure 3-37, and the 
NIM and CAMAC modules used in this implementation are listed in Table 3-28. 

Control Functions - The magnet control system includes the power supplies 
necessary to generate the current for the magnet coils and the housekeeping 
necessary to monitor the status of the magnets. Sixteen channels of ADC 
are provided to sample- and digitize the housekeeping instrumentation analog 
outputs. Analog and discrete digital signals to control the magnet power 
supplies are provided by one-half of an eight-channel CAMAC DAC and one- 
half of a 2 X 16-bit output driver. The balance of the available output 
signals from these two modules are more than adequate to control the plasma 
gun power supplies and the laser power supplies. Boom control is imple- 
mented in the same manner as before. 

Energetic Particle Analyzer - The output of the energetic particle analyzer 
is an analog pulse whose amplitude is proportional to the particle energy 
after preamplification at the detector. These pulses are further processed 
with a NIM spectroscopy amplifier. Because of the high counting rate ex- 
pected in these analyzers, a NIM-packaged pulse height analyzer (PHA) is 
used to accumulate the particle energy distribution. The same function 
could, in principal, be accomplished with a CAMAC fast ADC and accumulation 
of the data in the computer memory, but the CAMAC dataway would be extremely 
busy. With the implementation selected, data are stored in the PHA memory 
(256 channels of the 1024-channel memory are used for each particle analy- 
zer) and periodically transferred to the computer via the CAMAC dataway. 

The combination of a CAMAC parallel input register and output driver is used 
to control and transfer data from the PHA to the CAMAC dataway. The detector 
high voltage is supplied by the conventional arrangement of a NIM HVPS con- 
trolled by a CAMAC DAC. 

3.5.6 Passive Studies 

3. 5. 6.1 Experiment Description 

The passive studies that are proposed as part of the AMPS facility will 
continue the observation of the natural physical, chemical, and electromag- 
netic phenomena that have been monitored as part of the space program for 
over ten years. This type of monitoring program utilizes a variety of 
instruments to investigate phenomena related to particles, fields, and 
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Figure 3-37. AMPS Magnetic Confinement Experiment NIM/CAMAC Implementation 
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Table 3-28. NIM/CAMAC Equipment for Magnetic 
Confinement Experiment 


System Element 

Magnet Control 

ADC - Slow 
DAC 

Output Driver 

Plasma Gun and Laser 
Control 

DAC 

Output Driver 

Boom Control 
Stepping Motor Control 

Input Register 

Photomultipliers (X3) 

Scaler 

DAC 

Discriminator . 
High-Voltage Power 
Supply 

Energetic Particle 
Analyzer {X3) 

Input Register 
Output Driver 

DAC 

Amplifier 

Pulse Height Analyzer 
High-Voltage Power 
Supply 

Magnetic Field Probe 

ADC - Fast 
Output Driver 


CAMAC Specific 
Product Code Example 


161 KS3510 

162 KS3110 

133 B01082 


162 KS3110 

133 B01082 


145 KS3360 

121 NE7059-1 


111 B01004A 

162 KS3110 

NIM LRS621AL 

NIM ORTEC 456 


121 NE7059-1 

133 B01082 

162 KS3110 

NIM ORTEC 485 

NIM LRS3001 

NIM ORTEC 456 


161 B01244A 

133 B01082 


Comments 


16-channel unit 
Octal unit, share below 
Share below 


Share with Magnet Control 
Share with Magnet Control 


Dual units 

Used to record positions 


Quad unit 

Octal unit, share below 
Quad unit 


Share with Magnetic Field 
Probe. 

Share with PMT's 
Four-quandrant mode 


Share with EPA 
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optical effects. The particles and fields instruments are essentially the 
same instruments that are used to monitor the experiments covered in the 
sections concerned with the active experiments and plasma physics in space. 
However, the optical instrumentation is more complex than simple optical 
diagnostics considered thus far, so the major emphasis in the passive experi- 
mental area has been placed on optical instrumentation. The equipment is 
similar in many respects to that found in the solar physics and astronomy 
payloads. 

The detection and measurement of naturally-occurring and artificially- 
produced atmospheric emissions is the experiment that has been chosen as a 
representative example. The optical diagnostic equipment ^-hat is required 
for this experiment covers the spectral range from 40 nm to one um. The 
main instrument consists of a cluster of six co-aligned independent spec- 
trometers with each spectrometer optimized for a different spectral region. 

The spectral range above 110 nm is covered by four Ebert-Fastie spectrometers, 
and the region below 110 nm is covered by two concave grating spectrometers 
using a Rowland circle-type mounting. The extreme ultraviolet (EUV) spec- 
trometers are identical except for their detectors. A variety of detectors 
will be utilized with the six spectrometer instruments. 

The Ebert-Fastie spectrometers all use photomultiplier detectors with 
window/photocathode combinations appropriate to the particular spectral 
region being analyzed. Single-photon-counting data processing is used for 
maximum sensitivity. These instruments are scanning spectrometers and con- 
sequently grating movement control is required. Control is also required 
for the spectrometer slits to set the spectral resolution. 

One of the EUV spectrometers uses photographic film for data acquisition 
and, hence, only requires camera and grating control. The other EUV spec- 
trometer uses a position-sensitive microchannel plate detector to provide 
the electronic equivalent of the photographic film with single-photon- 
counting sensitivity. 

The spectrometer cluster is mounted on a small instrument pointing sys- 
tem (SIPS) that provides pointing for the group of instruments. Since the 
SIPS is a Spacelab-furnished facility, the associated control electronics 
are not considered here for NIM/CAMAC implementation. 
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3. 5. 6. 2 CDMS Implementation with NIM/CAMAC 

The block diagram of the CDMS required for the passive optical experi- 
ment is shown in Figure 3-38. The four Ebert-Fastie spectrometers are 
identical so far as the CDMS is concerned. Similarly* the grating control 
function and slit width control are handled in the same way in all of the 
spectrometers. For both of these functions, the mechanism can be driven by 
a stepping motor. A CAMAC dual stepping motor controller is provided for 
each spectrometer to control the grating and slit drive motors. The posi- 
tion of each mechanism is monitored with CAMAC dual 16-bit parallel input 
registers. 

The photomultiplier pulse analog output signals are processed with fast 
NIM amplifiers and discriminators and accumulated in a CAMAC scaler. The 
scaler contents are read out to the computer in synchronism with the grating 
scanning program. High voltage for the photomultipliers is provided with 
the conventional CAMAC DAC/NIM HVPS combination. 

The EUV spectrometer with electronic data acquisition uses a continuous 
resistive anode technique to provide a one-dimensional position-sensitive 
readout. A NIM' dual sum/invert amplifier is used to generate the sum and 
the diffenrnce of the signals at each end of the resistive anode. Each 
resultant signal is digitized with a fast CAMAC ADC. The high voltage 
needed by the microchannel plate detector is provided in the usual fashion. 

Finally, a CAMAC output driver is used to provide film advance signals 
to the camera and sixteen channels of general housekeeping data acquisition 
are provided with a slow multichannel CAMAC ADC. The NIM and CAMAC modules 
used for the entire system are listed in Table 3-29. 

3.5.7 AMPS Payload Summary 

Table 3-30 summarizes the NIM and CAMAC equipment required for the CDMS 
implementation of the AMPS payload. The number of modules required is tabu- 
lated and, as previously noted, many of the modules provide a number of 
identical channels or functions. 

A reasonably large number of NIM modules are required for this payload, 
but over one-half of them are high-voltage power supplies. Also, the next 
most frequently used modules (wave analyzers and differential amplifiers) 
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Figure 3-38. AMPS Passive Optical Experiment NIM/CAMAC Implementation 









Table 3-29. NIM/CAMAC Equipment for Passive Optical Experiment 


CAMAC Specific 

System Element Product Code Example Comments 


Ebert-Fast ie Spectrom- 
eter 


Scaler 

111 

B01004A 

Quad unit 

DAC 

162 

KS3110 

Octal unit, share below 

Stepping Motor Control- 

lers (4) 

145 

KS3360 

Dual units 

Input Register (2) 

121 

SE PG601 

Dual units 

Amplifier 

NIM 

LRS335 

Quad unit 

Discriminator 

NIM 

LRS621AL 

Quad unit 

High-Voltage Power 

Supplies (4) 

NIM 

ORTEC 456 


Extreme UV Spectrometer 

ADC - Fast (2) 

161 

B01244A 

Bipolar input 

DAC 

162 

KS3110 

Share with E-F Spectrometer 

Stepping Motor Control- 

ler 

145 

KS3360 

Dual unit 

Input Register 

121 

NE7059-1 

Share below 

Sum/ Invert Amplifier 

NIM 

ORTEC 433A 

Dual unit 

EUV Spectrometer-Film 

Output Driver 

133 

B01082 

Dual unit 

Stepping Motor Control- 

ler 

145 

KS3360 

Dual unit 

Input Register 

121 

NE7059-1 

Share with EUV Spectrometer 

Housekeeping 

ADC - Slow 

161 

KS3510 

Sixteen-channel 
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Table 3-30: AMPS Use of NIM and CAMAC Equipment 


Experiment 


CAMAC Equipment 
Scaler 

Input Register 
Output Driver 
Stepping Motor Driver 
Analog-to-Digital Converter 
Single Unit - Fast 
Multichannel - Slow 








CAMAC 






Product 

Code 

/ 

^ c. 




Totals 

111 

2 

1 

1 


1 

1 

6 

121 

1 

2 

1 

1 

2 

3 

10 

133 

2 

2 

2 

1 

2 

1 

10 

145 


3 

2 

2 

2 

6 

15 

161 







13 


2 


6 

2 

1 

2 


Digital-to-Analog Converter 

162 

2 

2 

1 1 2 

Branch Driver 

211 



Share 1 

Crate Controller 

231 



Share 4 

Crate 

411 



Share 4 


6 

9 

1 

4 

4 


NIM Equipment 

Shaping Amplifier 

Discriminator 

High Voltage Power Supply 

Pulse Height Analyzer 

Sum/Invert 

Bin 

Special Modules 

Differential Amplifier 
Wave Analyzer 


3 1 4 

111 115 

11 12 4 2 6 5 40 

1 1 

1 1 

Share 8 8 


2 


6 


6 


2 

2 1 


8 
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are special or custom-built modules, which are not currently manufactured 
in NIM form, but could be NIM-packaged. Therefore, in spite of the signi- 
ficant number of NIM modules identified, the AMPS payload should not 
necessarily be considered to be a heavy user of NIM equipment. 


In contrast to the situation for NIM, the AMPS requirements for CAMAC 
modules spread rather uniformly over the module types. Hence, a significant 
use of CAMAC equipment is possible in the AMPS payload. 
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3.6 EARTH OBSERVATIONS INSTRUMENTS 

The Space Shuttle will be invaluable as a platform from which to make 
astronomical observations of planets, stars, and galaxies but it will also 
be heavily used for remote sensing observations of the earth. From its 
300 to 400 km altitude, it has an ideal vantage for detailed observations 
of both atmospheric and surface phenomena. Included in the studies will 
be measureme'^ts related to agriculture, energy minerals, forestry, land use 
and marine statistics. 

There is a multitude of instruments that will be used aboard the Shuttle 
for the study of the earth and its resources. Of these, six have been selec- 
ted in this study to analyze the applicability of NIM and CAMAC hardware to 
their command and data management systems. These six instruments are des- 
cribed in Table 3-31. The signal inputs to these instruments cover large 
regions of the spectrum and, because of this, the instruments represent a 
fairly complete cross section of the types of earth-observing sensors that 
will be used. 

The following sections analyze the usefulness of NIM and CAMAC equip- 
ment for interfacing these instruments into the Spacelab provided CDMS. 

Two of the instruments, the 13-band Multi spectral Scanner and the Microwave 
Scatterometer, have previously been analyzed in terms of NIM and CAtMC by 
the Bendix Corporation. Their results were reviewed and incorporated. 

3.6.1 Lidar 

3. 6. 1.1 Experiment Description 

The purpose of the Lidar experiment is to study the structure, composi- 
tion and dynamics of the earth's atmosphere at altitudes below 120 km. The 
experiment operates by firing a laser into the atmosphere from the Space 
Shuttle and monitoring the time distribution of the back-scattered radiation. 
An analysis of the time structure of the back -scattered pulse leads to con- 
clusions about the structure and composition of the scattering medium. 

Another parameter that needs to be varied in the experiment to better 
characterize the scattering medium is the wavelength of the laser radiation. 
It is expected that lasers operating in the ultraviolet, visible and infra- 
red out to 10 ym (CO2) will be used. Since some of the scattering processes 
change the wavelength of the scattered radiation, it is also informative 
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Table 3-31 . Earth Resources Instruments 

Li dar 

• Three types of detectors 

0 o 

• Photomultipliers (2000 A to 8000 A) 

• Fast Photodiodes (.8 u to 8 p) 
e Cd Hg Te (10 y) 

• Monitor time distribution backscattered photons 

• Analyze spectral distribution 

Infrared Radiometer 

• Wavelength one to twenty microns 

• Perform vertical temperature soundings 
t Fine spectral resolution 

• Interference Filters 
f Fourier Spectrometer 

• Related to IRIS and VTPR 
Microwave Radiometer 

t Wavelength 30 cm to 3 mn 

• Planar antenna array 

• Scanned with phase variations 

• 78 discrete steps in +^50 degrees of nadir 

•* Similar to ESMR on nimbus 

Camera Systems 

t Pointable ID camera 
e Panoramic camera 

• Wide-angle framing camera 

» Multi spectral camera system 

• High-resolution multispectrel camera 

• Mul ti resolution framing camera 

S-192 Thirteen-band Multi spectral Scanner (Bendix) 

e .52 y to 12.5 y 
0 Scanning via mirror rotation 
ft Multiple data sampling modes 
ft 28-k data buffer 

5-103 Microwave Scatterometer (Bendix) 

ft Three instruments in one 

ft Radiometer 
ft Scatterometer 
ft Radar Altimeter 

ft Wavelength 2.16 cm (13.9 GHz) 
ft Mechanically-scanned parabolic antenna 


<5RIGtNAIi FAGS IS 
OF POOit QUAIiM 


U6 






to measure the spectral distribution of the back-scattered light. This will 
be accomplished with multilayer interference filters for coarse resolution 
and with a spherical Fabry-Perot interferometer for fine resolution. 

In addition to the measurement of back-scattered radiation, laser 
transmission measurements are planned using a slave satellite to reflect 
the beam back on itself. These measurements would be performed with the 
Shuttle and a slave (or sub) satellite. This technique is particularly 
suited to determining the integrated concentration of a given constituent 
along the beam path by making two transmission measurements at wavelengths 
within and just outside an absorption line of the molecule. 

For both the back-scattering and transmission-types of measurement, a 
l-m^ telescope accurately aligned to the beam direction will serve to collect 
the returning radiation. One of three types of detectors will be located at 
the focus of the telescope. The choice will depend on the wavelength region: 

• for .2 pm to .8 pm, photomultipliers will be used; 

i for .8 pm to 8 pm, fast photodiodes will be used; 

• at 10 p {COg laser), CdHgTe detectors will be used. 

Initially, these detectors will operate without cryogenic cooling but that 
capability may be added as the system is improved. Since the total duration 
of the back-scattered pulse is only on the order of a millisecond, it is 
desirable to operate the detectors in the photon counting mode and avoid the 
use of an ADC. Unfortunately, this can only be done with the photomultipliers. 

3. 6. 1.1 CDMS Implementation with NIM/CAMAC 

Fairly extensive CDMS support is required for the Lidar experiment. In 
order to analyze the time distribution of returning photons, a multichannel 
analyzer of at least 100 channels with eight to ten bits per channel is re- 
quired. At visible wavelengths, each channel of the analyzer will store 
the photomultiplier counts for one of the short time intervals after the 
laser is fired; thus forming a hundred-element histogram of the time depen- 
dence of the back-scattered radiation. At infrared wavelengths, the CDMS 
must also provide for the fast (10 to 12 psec) digitization of the analog 
signals output from the detectors. The data from each firing of the laser 
will be displayed in the Spacelab and will also be sent immediately to earth- 
based laboratories for analysis and interpretation. 
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The COMS must provide control signals to the laser to select the power 
and wavelength at which to operate. It must provide for automatic sequen- 
tial firings of the laser at frequencies as high as 2 Hz. Additionally, 
the CDMS must process and interpret an assortment of analog and digital 
housekeeping data from the instrument. 

The CAMAC implementation of the Lidar CDMS, shown in Figure 3-39, 
makes heavy use of the Spacelab experiment computer to implement the multi- 
channel analyzer function. The returning photon counts are integrated over 
10 to 20 wsec with a single scaler and transferred as separate data words 
to the computer. There they are processed as necessary and stored in an 
array to be recalled as needed for displaying the histogram or telemetering 
the data to earth. 

The exact details of the laser control electronics are uncertain. The 
direct functions will certainly be peculiar to the lasers that are used and 
cannot be implemented with standardized electronics. An output register is 
provided to supply digital control signals as required. 

As indicated in Table 3-32, many of the CDMS requirements for Lidar 
can be implemented with NIM and CAMAC modules. However, neither the nonpho- 
ton-counting amplifiers nor the electronics for direct control of the lasers 
lend themselves to the NIM and CAMAC systems. These would have to be 
specially constructed with the instruments. 

3.6.2 Infrared Radiometer 

3. 6. 2.1 Experiment Description 

This instrument is designed to perform temperature sounding measurements 
of the earth's atmosphere to aid in weather prediction. An infrared radiom- 
eter is required for the measurements because the COg bands of interest lie 
in the infrared region of the spectrum. Of particular usefulness are the 
molecular vibration absorption/emission bands at 4,3 pm and 15 pm. Because 
these must be measured with a spectral resolution of at least five wave num- 
bers, it is necessary that the infrared radiometer be able to isolate small 
spectral regions. This can be done with interferometric techniques as in 
the IRIS (Infrared Interferometeric Spectrometer) but adequate resolution 
can also be achieved with filters. It is the instrumentation of such a 
filter radiometer that will be considered here. 
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Figure 3-39. Lidar NIM/CAMAC Implementation 






Table 3-32. NIM/CAMAC Implementation of Lidar 


CAMAC Specific 

System Element Product Code Example Comments 

Detector System 
Photomultiplier Ampli- 


fier 

NIM 

ORTEC 276 


Amplifiers (2) 

None 



Scaler (10 bit) 

111 

B01002 


ADC (2) 

161 

B01243A 

11-usec conversion time 

HV Power Supply 

HIM 

ORTEC 456 


Output Register 

133 


Use one bit of register below 

Laser Control 




Power Control Electron- 




ics 

None 



Wavelength Control 




El ectronics 

None 



Output Register (2) 

133 

KS3080 


Housekeeping Signals 




ADC 

161 

KS3510 


Multiplexer 

164 



Input Register 

121 

NE7059-1 



An example of a filter radiometer is the Vertical Temperature Profiling 
Radiometer (VTPR) shown in Figure 3-40. This instrument operates in either 
a measurement or calibration mode. In the measurement mode, the scan mirror 
sweeps across the earth in 23 discrete steps. There is an eight-segment, 
narrow-band filter wheel located directly in front of the detector. This is 
rotated at 16 Hz in synchronization with a chopper wheel directly in front 
of the detector. The rotations are such that the detector first views the 
target for 31.25 msec through a filter and then views the 308® K reference 
of the chopper blade while the filter wheel is changing to the next filter. 
In the calibration mode, the view of the target is replaced by a view of a 
calibration source within the instrument. Figure 3-41 shows the optical 
configuration of the VTPR. 

3. 6. 2. 2 CDMS Implementation with NIfi/CAMAC 

The CDMS requirements to support this instrument are quite straight- 
forward. The primary requirement is to provide for the digitization of the 
analog signals from the infrared detector. It is presumed that an integral 
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Figure 3-41. VTPR Optical Configuration 
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part of the detector system will be the low-level electronics that perform 
the preamplification of the signal and that the CDMS need only worry about 
processing the signal after this initial amplification stage. The digiti- 
zation of the detector signal must be performed in synchronization with the 
chopping of the signal. This is easily managed since the CDMS also provides 
the control signals to the stepper motor which rotates both the chopper and 
the filter wheel . 

The CDMS also must control the operation of the stepper motor which 
moves the scanning mirror. Also, several temperature measurements will be 
made regularly throughout the instrument and will be used to send back an 
analog signal to a heater in the instrument to maintain it at a constant 
operating temperature. 

Figure 3-42 shows that the implementation of the CDMS functions for the 
infrared Rodiometer are quite straighforward and easily handled by NIM and 
CAMAC equipment. This instrument is implemented in a manner very similar to 
Lne SIRTF Filter Photometer. 
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Figure 3-42. VTPR NIM/CAMAC Implementation 
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Table 3-33 suirmarizes the NIM and CAMAC modules that would be required 
to build the CDMS for the Infrared Radiometer. The only element in the system 
that cannot be handled by either NIM or CAMAC equipment is the low-level 
electronic function associated with the detector. These would have to be 
specially designed for that purpose. 

3.6.3 Scanning Microwave Radiometer 

3.6.3. 1 Experiment Description 

The microwave region of the spectrum is generally considered to be 
from about one GHZ to 100 GHz (or x = 30 cm to x = 3 mm) . Earth observations 
at these wavelengths primarily observe thermal emission from the earth's sur- 
face and from atmospheric constituents such as clouds rain drops, and dust. 
Compared to optical and infrared wavelengths, the atmosphere is generally 
much more transparent at microwave wavelengths with the exception of a few 
significant absorption bands due to water vapor and oxygen. Because of this 
penetration property, microwave observations, in conjunction with simultaneous 
visible and infrared cloud maps, can be used to differentiate water clouds 
Trom cirrus and ice clouds. 

The microwave scattering effects from atmospheric constituents are in 
the transition region between Rayleigh and Mie scattering and show marked 
f . jquency variations in effective emissivities and extinction coefficients. 
This results in a very complicated inversion process to determine from the 
observed microwave radiance the temperature and physical nature of the 
emitting material. As a result, single measurements are frequently ambiguous 
and multiple measurements under varying conditions are required to evaluate 
all of the characteristics of the emitting medium. 

The scanning function of the microv\/ave radiometer is achieved by phase 
variations across a planar array antenna. This electrical scanning, rather 
than mechanical movement of the antenna, avoids problems of attitude pertur- 
bations of the spacecraft and also results in a more compact antenna than a 
corresponding parabolic reflector and feed combination. The signal -to-noise 
ratio is maximized by operating the radiometer in the Dicke-switched mode 
using a 340" K reference load. The operational wavelength of the radiometer 
is chosen to avoid the emission lines of O 2 and H 2 O at C.5 cm and 1,35 cm, 
respectively, and the operating regions of earth-based radar. 
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Table 3-33. NIM/CAMAC Implementation of Infrared Radiometer 


CAMAC Specific 
System Element Product Code Example 


Comments 


Detector System 


ADC 

Output Driver 
Bias Supply 
Low-Level Electronics 

Chopper and Filter Motor 

161 

133 

NIM 

None 

B01244A 
0D1614 
ORTEC 456 

Stepping Motor Driver 

145 

KS3361 

Input Register 

121 

NE7059-1 

Scan Mirror Motor 

Stepping Motor Driver 

145 

KS3361 

Input Register 

121 

NE7059-1 

Temperature Control 
System 

Multiplexer 

164 

KS3510 

ADC 

161 


DAC 

162 

D0200-1518 


Share register above 
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3. 6. 3. 2 CDMS Implementation with NIM/CAMAC 

Extensive CDMS support is required to operate the microwave scanning 
radiometer. Figure 3-43 shows the block diagram for an Electrically Scan- 
ning Microwave Radiometer (ESMR) designed for the Nimbus program. This 
instrument consists of four major components: 

• a phased-array microwave antenna (83.3 cm x 85.5 cm) consisting 
of 103 waveguide elements each associated with an electrical 
phase shifter; 

• a microwave receiver with a center frequency of 19.35 GHz and 
an IF bandpass that extends from 50 to 150 MHz; 

• a beam steering computer that determines the coil current for 
each " the phase shifters; 

t timing, control, and power circuits. 

When such an instrument is flown aboard Spacelab, the functions of the 
last two components will be fulfilled by the Spacelab CDMS. In particular, 
the experiment computer will be used to compute the series of signals to 
each of the 103 phase shifters in order to scan the beam in 78 discrete 
steps through the nadir to + 50-degree cross track. 

The functional block diagram in Figure 3-44 shows the implementation 
of the CDMS functions of the experiment using CAMAC equipment and the facili- 
ties provided by Spacelab. It is important to note that all of the electron- 
ics associated with processing the microwave and IF signals are outside the 
scope of CAMAC or NIM and must be specially constructed as an intrinsic part 
of the experiment. Also intrinsic to the experiment is the circuit matrix 
that generates the actual beam steering signals to the phase shifters al- 
though the CAMAC system with the experiment computer performs all of the 
beam steering calculations and provides digitized control information to 
the steering circuits. 

The CAMAC equipment required for this experiment is summarized in 
Table 3-34. The most noteworthy item is the beam steering control unit. 

CAMAC makes extensive use of the experiment computer to calculate the beam 
steering parameters, but it also requires four CAMAC modules to output all 
of this information to the actual steering circuits. The four output drivers 
specified each can handle 128 bits of information, so a total of 512 bits of 
steering information can be transferred from the computer at one time. 
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Figure 3-43. ESMR Block Diagram 
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Figure 3-44. ESKR NIM/CAMAC Implementation 
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Table 3-34. CAMAC Implementation of Microwave Radiometer 


CAMAC Specific 

System Element Product Code Example Comments 


Beam Steering Control 
Output Driver (4) 133 


BR3212 3212 BiRa (128 bits) Computer 

handles beam steering calcu- 
lations. 


Switch Driver Control 

Output Driver (1/2) 133 0D1613 Share driver with AGC control 

Signal Digitization 

ADC 161 B01244 

AGC Control 

Output Driver (1/2) 133 0D1613 Share driver with switch 

driver control. 

Temperature Control 
System 


Multi pi exer 

164 

KS3510 

ADC (8 bit) 

161 


DAC 

162 

NE7015 


158 


3.6.4 Cameras 


3. 6.4.1 Experiment Description 

Most earth observation payloads for Shuttle will use one or more film 
camera systems for purposes of target area identification, cartographic and 
topographic mapping, and obtaining multiband monochrome, color, and false 
color images with various degrees of spatial resolution. The primary charac 
teristics of these various camera systems have been summarized in Volume III 
of the TRW study, "Mission Requirements for a Manned Earth Observatory," 

NAS 8-28013, 1973. This information is summarized below. 

Six potential film camera systems have been Identified for the earth 
observation payloads. 

Pointable Identification Camera - This will use panchromatic color film 
with a 70-mm format for general identification photography of broad target 
areas. Two-axis gimballing will be required for pointing of the camera. 

Panoramic Camera - This camera uses 13- x 14-cm film to obtain either high- 
rasolution-vertical or stereopanoramic photography. The cross-track field 
of view is 120 degress and stereophotography is obtained by nodding the 
camera about the pitch axis through an angle of + 12.5 degrees. 

Wide-Angle Framing - This uses 24- x 48-cm film and has been recommended 
by the U. S, Department of Interior for use with the Panoramic Camera for 
mapping. The primary feature of this camera is the high geometric fidelity 
of the image, enabling cartographic mapping to be performed. 

Multi spectral Camera System - This uses a group of six metric cameras and 
24- X 24-cm film to obtain multiband images on black and white film in four 
spectral bands in addition to color and false color photography with the 
other two cameras. 

High-Resolution Multispectral Camera System - This uses telephoto optics 
with a field of view of 1.75 degrees to obtain multiband monochrome, color, 
and false color images of specific areas of interest. 

Multiresolution Framing Camera System - This uses three bore-sighted 24- x 
24-cm format cameras with lenses of 46.92- and 184-cm focal length for simul 
taneous observations of the same target area with three different values of 
ground resolution. Using false color film in all three cameras, this will 


159 


1 


} 


» 




enable experimentation to determine resolution requirements for future obser- 
vations in the experimental areas of lake eutrophication, coastal and geomor- 
phic processes, urban surveys, wildlife ecosystem studies, and geologic 
mapping. 

3. 6. 4. 2 CDMS Implementation with NIM/CAHAC 

The CDMS requirements for the earth-observation cameras are very similar 
to those for the ATM/Skylab cameras. It is assumed that each of the cameras 
will have a diode array of 48 bits for recording information about time of 
exposure, length of exposure, shuttle orientation, and other exposure data. 
Additionally, it is assumed that each of the cameras is equipped with its 
own intrinsic motor drive and shutter control system which needs only a few 
digital commands to advance the film and choose the exposure time. By 
interfacing the cameras with the experiment computer, manual operation can 
be achieved using the keyboard input to the computer and automatic operation 
implemented under computer control. 

The actual pointing of the cameras and control of their gimbal mounts 
is not discussed since these functions are assumed to be supplied as support 
functions by the Spacelab. 

As seen in Figure 3-45, the primary elements required to interface the 
camera CDMS are output drivers. Except for stepper motor control of the 
filter wheel in the High-Resolution Multispectral Camera, all control sig- 
nals for these experiments are ones and zeros transferred from the computer 
to the cameras via the output drivers. 

Table 3-35 enumerates the output driver modules required to handle the 
interface to the camera experiments. Some savings in required hardware is 
obtained by sharing modules between camera systems. However, because of the 
48 bits required to drive the diode matrix in each camera, the system still 
requires 17 output driver modules. 

3.6.5 Thirteen-Band Multispectral Scanner 

This instrument was part of the Skylab Earth Resources Experiment Pack- 
age (EREP) where it was labeled S-192. It was a line-scanning radiometer 
used to scan lines across the Skylab flight path. It obtained data in 
thirteen spectral regions from 0.52 y to 12.5 y about energy reflected and 
emitted by the earth's features. 
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Figure 3-45. Earth Observation Facility Camera System 
NIM/CAMAC Implementation 
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Table 3-35. CAMAC Implementation for Earth Resources 
Camera Systems 


CAMAC Specific 

System Element Product Code Example Comments 


Pointable ID Camera 


Output Register (1/4) 

133 

NE9017 ~j 

Allow 12 bits for camera 

Output Driver 

133 

0D2407 

control . 

Panoramic Camera 




Output Register (1/4) 

133 

NE9017 ~ 

— Share one NE9017 

Output Driver 

133 

0D2407 


Wide-Anqle Framing Camera 




Output Register (1/4) 

133 

NE9017 - 


Output Driver 

133 

0D2407 


Multispectral Camera System 

Output Registers (6/4) 

133 

NE9017 

Two required 

Output Drivers (6) 

133 

0D2407 

High-Resolution Multispectral 
Camera 

Stepping Motor Driver 

145 

KS3361 


Input Register 

121 

NE7059-1 


Output Register (1/4) 

133 

NE9017 “ 

— Share one NE9017 

Output Driver 

133 

0D2407 


Multispectral Resolution 
Framing Camera 


1 

1 

1 


Output Register (3/4) 

133 

NE9017 


Output Drivers (3) 

133 

0D2407 
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This was one of two earth resources experiments which was studied by 
Bendix to analyze the applicability of NIM and CAMAC instrumentation to the 
implementation of the data processing system. Their results, including a 
detailed discussion of the operation of the instrument, are reported in 
their final report, BSR4142, June 1974. These results were reviewed and 
found quite reasonable. Their conclusions about NIM and CAMAC applicability 
to the multispectral scanner are shown in Table 3-36, adapted from BSR4142, 
page 3-75, Table 3.5.4. 

3.6.6 Microwave Scatterometer - Like the Multispectral Scanner, this instru- 
ment was flown on Skylab as part of the Earth Resources Experiment Package 
and was included as part of the Bendix Study, BSR4142. In Skylab it was 
known as the Orbital Microwave Radar System {S-193) and was operated alter- 
nately as a radiometer, a scatterometer, and a radar altimeter. It operated 
in the 500-MHz to 14-6Hz region. 

Bendix has analyzed the control and data management system required to 
support this instrument and has developed a NIM and CAMAC implementation of 
this system. They concluded that NIM and CAMAC are totally unsuitable stan- 
dards for handling the RF portions of an experiment like this. However, they 
did find application for NIM and CAMAC modules in the areas of higher order 
data processing to be done on the signals. Their analysis of the instrument 
is contained in Section 3.6 of BSR4142. This has been reviewed and their 
conclusions are incorporated here as Table 3-37 which is adapted from their 
report. 

3.6.7 Earth Observations Payload Summary 

The uses for NIM and CAMAC equipment developed in the preceding sections 
are summarized in Table 3-38. The results for the two experiments studied 
by Bendix are included. 

One thing that stands out in the table is the very sparse use of NIM 
equipment. This is due to the fact that many of the signals from the sensors 
studied, especially those in the microwave region of the spectrum, cannot be 
suitably handled by NIM equipment. In addition, data from the cameras are 
recorded directly on film and require no processing at all. 
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Table 3-36. CAMAC Implementation for Thirteen-Band 
Multi spectral Scanner (Bendix) 



CAMAC 

Specific 


System Element 

Product Code 

Example 

Comments 

position Encoder 

117 

EG&6 PE019 


Input Gate 

121 

KS3420 

24-channel 

Intercept Register 

123 

EG&G IR026 

1 2-channel /NIM input 

Output Register 
Stepping Motor Control- 

132 

KS3072 

Dual , 24-bit 

ler 

145 

KS3361 


ADC-Mul tiplexer 

161 

BR5301 

32-channel 


Table 3-37. CAMAC Implementation of Microwave 
Scatterometer (Bendix) 


System Element 

CAMAC 

Product Code 

Specific 

Example 

Comments 

Position Encoder 

117 

EG&G PE019 


Input Gate 

121 

KS3420 

24-channel , 2 required 

Interrupt Register’ 

123 

EG&G IR026 

12-channel, NIM input 

Output Register 

132 

KS3072 

Dual, 24-bit, 2 required 

ADC-Mul tiplexer 

161 

BR5301 

32-channel plus two 

Multiplexer 

164 


32-channel expanders 
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Table 3-38: Earth Observations Use of NIM and CAMAC Equipment 


Instruments 


\MAC Equipment 

CAMAC 

Product 

Code 




Scaler 

111 

1 





1 

Position Encoder 

117 




1 

1 

2 

Input Register 

121 

1 

1 


1 1 

2 

6 

Interrupt Register 

123 




1 

1 

2 

Output Register 

132 




1 

1 

2 

Output Driver 

133 

2 

1 

5 

17 


25 

Stepping Motor Driver 

145 


2 


1 1 

2 

6 

Analog-to-D1gital Converter 

161 







Single Unit - Fast 


1 

1 

1 



3 

Multichannel - Slow 


1 

1 

1 

1 

1 

5 

Digital-to-Analog Converter 

162 


1 




1 

Multipl exer 

164 





2 

2 

Branch Driver 

211 




Share 1 


1 

Crate Controller 

231 




Share 3 


3 

Crate 

411 




Share 3 


3 


NIM Equipment 

High Voltage Power Supply 
Amplifier/ SCA 
Bias Supply 
Bin 


The other noteworthy item in the table is the requirement for 25 output 
drivers. This number reflects the large demand for these modules by the 
camera systems where they are used to drive the many arrays of light-emitting 
diodes that identify each image frame. 
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3.7 LIFE SCIENCES LABORATORY 

In order to assess the CDMS requirements for the Space! ab Life Sciences 
experiments the representative payload selected was the 30-Day Dedicated 
Laboratory described in the General Dynamics/Convair study report number 
CASD-NAS-74-046. This is the largest laboratory that might be flown in the 
Spacelab. As such it represents the maximum requirements for the CDMS. 

The Convair study of this laboratory treats tho> various experiments in 
terms of equipment units and summarizes the data processing requirments for 
each of these units. For the purpose of this study the Convair equipment 
units will be grouped together into five functional categories. These are: 

@ Biochemical/Biophysical Analysis 
9 Biomedical Studies 
9 Data Management and Laboratory Support 
S Holding Units and Research Support 
9 Other Equipment Units 

This functional grouping breaks the CDMS requirements for the 30-Day Dedi- 
cated Laboratory into categories of manageable size for analysis. 

The Convair study summarizes all of the Life Sciences equipment that 
must be interfaced with the data management system and tabulates the data 
sampling rates required of each piece of equipment. This summary is repro- 
duced here as Table 3-39. 
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Table 3-39. Life Sciences Dedicated Laboratory Data Handling Requirements 



cn 


EQUIPMENT UNIT <EU NO.) & 
EQUIPMENT ITEM rE.l. NO.) 

MEASUREMENT DESCRlPTtOM OR COMMENT 

SAMI^LED DATA 

REQUIREMENTS 

DOWnUNK 

REQMTS. 

DISPLAY 

REQUIRED 

PROCESSING REQUIRED BY CONTROL 
COMPUTER OR LOCAL ELECTRONICS 

SampUog 

Rato 

bps 

Sampling 

Duratloa 

mln/day 

Total 
kbits 
per day 

o 

isnnzsn 


Provldcff crpw guidance at tbe exporlmont aits. In- 
cludes olplifl numeric ti CRT displays and control key- 
boonl. This (tevlca was asatinied to bo hard wired lo 
Uxi DMS. 

1 

0 



1 

Nodq 

The parihbto display kz^board will re- 
quire considerabla software speclRc to 
the eaeporimenis being Qupported. 

DUpIay/Koybonrd^ Portable (G3B) 

CouplerSi ECG {G4)i EEC 465), and 
b.MU ibti) 

Conditions olectrophyslological algnalB Erotn organienia 
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Table 3-39. Life Sciences Dedicated Laboratory Data Handling Requirements (Continued) 


# 1 ' 


a t!7 


<y> 
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EQUIPMENT UWT (EU NO-> ti 
EQUIPMENT ITEM (E.E NO.) 


SAMPLED DATA 
REQUlllEMENTS 

DOWNLINK 

REOMTS 

DISPLAY 

REQUIHED 

PEOCESSING REQUIRED BY CONTROL 
COMPUTER OR LOCAL ELECTRONICS 

measurement description on comment 

Sampling 

Hate 

bps 

Sampling 
Duration 
min/ day 

Tbtal 
kbits 
per day 

■J 

‘(bits/ day 

Qiomodic&l/Dohavlotrfil RGsoat'Ch 
SuDDOrt trnit (EO 121 
ElcctrophyalotoglcfU ItGcolvor (G5C) 

Mooltors oloctrophyaiolagiGol ^signals from man and 
vertebrates. 

}4.0(>D 

53 

44,520 

1 

445 

CRT 

Wave form onalysls. 

noUUng Littor Chair (153A) 

Measure experimental data such as subject responses, 
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Oui-of>teIenmca comparlsoti. 

TOTALS 

0 

16. 753 

cod. 

IntermUt. 

70,B2D 


706 


Biamodlcal Rcsoorcb SuDwri Ualt 
(EM 311 

Exorciso Equipmoni {blcycte orgom- 
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3.7.1 Biochemical /Biophysics Analysis 

3. 7. 1.1 Instrument Functions and CDHS Requirements 

This category of laboratory equipment (Equipment Unit 5 in the Convair 
study) performs the biochemical and biophysical analyses of experiment speci- 
mens and parameters. These analyses generally require more than simple in- 
strumentation, Among the instruments in this category which must be inter- 
faced to the CDMS are an autoanalyzer, a gas manifold commutator, a blood 
clot fibrometer, a blood gas analyzer, a gas chromatograph, a mass spectro- 
meter and a sound level meter. Other instruments used for biochemical and 
biophysical analyses will operate with no dependence on the Spacelab CDMS. 

The major functions of the CDMS-dependent instruments are summarized below. 

Autoanalyzer - The autoanalyzer measures blood, urine and spinal fluid 
properties by means of specific enzymatic reactions together with light ab- 
sorbance measurements. Because a commercial unit will be adapted for Space- 
lab, most of the analysis operations will be performed automatically under 
control internal to the instrument. The data to be transferred to the 
Spacelab CDMS will consist only of the digitally encoded sample ID, analysis 
type and measured value for that analysis. 

Gas Manifold Commutator - The commutator monitors valve positions to iden- 
tify to the CDMS which of several test gases is currently being used. Here 
only an occasional sampling of the gas valve status is necessary. 

Blood Clot Fibrometer - The function of this instrument is to measure the 
coagulation time of blood plasma to + 0.1 second accuracy. It also will be 
commercial equipment adapted for space use and will supply the Spacelab CDMS 
with digital values of sample ID and clotting time. These must be passed to 
the computer for processing and then to the recording and telemetry systems. 

Blood Gas Analyzer - This analyzer processes a 1 ml blood sample to measure 
pH and the concentrations of C02» Na, K, Cl, ionized Ca and total Ca. It 
also measures gases from urine samples. If a non-commercial unit is used the 
CDMS will have to provide both analog and digital control signals to the in- 
strument and digitize the analog data produced by the instrument. 
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Gas Chromatograph - This instrument measures the concentration of indivi- 
dual gases in gas mixtures. In particular it monitors such gases as Ogs N^, 
COgs HgO, and NH^ down to the parts per million range. When the in- 
strument is operated (”'6 hrs/day) the CDMS is used close to the thermal con- 
trol loop on the chromatographic columns and to digitize the analog data 
from the detectors. The CXIMS computer also perforins waveform analyses of 
the data to determine the gas concentrations present. 

Mass Spectrometer - This instrument performs measurements of gas concen- 
trations much the same as the gas chromatograph but can achieve higher sen- 
sitivity in some circumstances. Although a self-contained commercial unit 
requiring very little CDMS interface might be adapte-^ it will be assumed 
here that a more Spacelab-specific unit is used requiring fairly complete 
control by the CDMS. This device will require control signals to modulate 
the peak scanning fields, stepping motor signals to actuate sample admission 
valves and ADC channels for monitoring temperatures and digitizing the de- 
tected signal. Extensive computer processing of the data may be required 
to determine gas compositions. 

Sound Level Meter - The sound level meter monitors ambient acoustical 
levels producing an analog signal which must be digitized for processing, 
recording and telemetry. 

3. 7. 1.2 CDMS Implementation with NIM/CAMAC 

The block diagram of Figure 3-46 details the CAMAC implementation of 
the biochemical /biophysics instrumentation interface to the Spacelab CDMS. 
Because most of the instruments are adapted commercial units and quite self- 
contained the bulk of the interfacing is done with input registers and ADC's. 
However, considerable use is made of CAMAC capability in providing detailed 
control to the ma^s spectrometer instrument. Here both a fast ADC for the 
main signal and a multichannel ADC for thermal control are used. Addition- 
ally, the mass spectrometer uses rn input register and three stepping motor 
drivers to control the movement of samples through the instrument. 

None of the instruments in the biochemical /biophysical analysis group 
are of a sort requiring NIM equipment. This reflects the fact that all of 
the low level signals are processed by the commercial instrumentation. 
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Figure 3-46. Life Sciencss Biomedical/Biophysical Analysis NIM/CAMAC 
Implementation 
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Table 3-40 lists some specific examples of the CAMAC equipment that 
could be used to interface this group of instruments to the Spacelab CDMS. 
While separate input registers are shown for each of the first three instru- 
ments it might turn out in practice that fewer would be necessary if they 
are shared between instruments. This depends on the exact details of the 
commercial unit used. 

3.7,2 Biomedical Analysis 

3.7. 2.1 Instrument Functions and CDMS Requirements 

This category of equipment (Equipment Units 12 and 31 in the Convair 
study) is intended to provide behavioral and biomedical research functions 
to the laboratory. The instruments which must be interfaced to the Spacelab 
CDMS are described briefly below. 

Electrophysiological Receiver - This device receives signals transmitted 
by an electrophysiological backpack worn by the test subject. The data in- 
cludes electrocardiograms, vectorcardiograms and other cardiographic data. 
The instrument itself will probably be a commercial unit designed to comple- 
ment the transmitter contained in the backpack. However, it will be neces- 
sary to digitize the analog output signals from the receiver to interface 
them into the CDMS for processing and interpretation. 

Rotating Litter Chair - The litter chair apparatus studies subject re- 
sponse to rotational accelerations. The instrumentation on the subject 
will produce several analog signals to be multiplexed into an ADC for pro- 
cessing in the CDMS. Additionally, the rotation rate and rotational accel- 
eration of the chair must be digitized. 

Exercise Equipment - The bicycle ergometer is used to monitor a subject's 
energy output during exer'^ise. It produces analog signals which must be 
digitized. 

Doppler Flowmeter - This instrument measures blood pulse velocity and con- 
tour and is generally used in conjunction with an ECG. It also produces an 
analog signal that needs to be digitized in order to be interpreted by the 
CDMS. Within the CDMS it may also be necessary to provide for a waveform 
analysis of the blood pulse contour. 
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Table 3-40. CAMAC Implementation of Biochemical/Biophysical Analysis 

CAMAC Specific 

System Element Product Code Example Comments 

Autoanalyzer 


Input Register 

121 

NE7059-1 


Gas Manifold Commutator 

Input Register 

121 

NE7059-1 


Blood Clot Fibrometer 

Input Register 

121 

NE7059-1 


ADC 

161 

B01244 


Blood Gas Analyzer 

ADC 

161 

B01244 


Output Driver 

133 

NE9024 


DAC 

162 

D0200-1518 


Gas Chromatograph 

Multiplexer 

164 

KS3510 

Sixteen-channel, self- 

ADC 

161 


scanning 

DAC 

162 

D0200-1518 


ADC 

161 

B01244 

Use separate ADC for data 
since other ADC devoted 
to thermal control 

Mass Spectrometer 

ADC - Fast 

161 

B01244 


Input Register 

121 

NE7059-1 

Share one of registers 

DAC 

162 

D0200-1518 

above 

Multichannel ADC 

161 

KS3510 

Sixteen-channel , self- 

Stepping Motor Drivers (3) 

145 

KS3361 

scanning 

Sound Level Meter 

ADC 

161 

B01244 
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Metabolic Analyzer - This instrument measures such respiration parameters 
as Og consumed, COg/Og ratio, vital capacity, and respiratory volume. This 
data is used to determine the metabolic rate of the subject. The bulk of 
the data processing for the metabolic analyzer is performed internal to the 
device and the interface to the Space! ab CDMS has merely to accept already 
digitized data for any further processing. 

Vectorcardiogram Coupler - The signals received either directly from a 
vectorcardiogram device or through the electrophysiological receiver dis- 
cussed earlier in this section are converted to a more usable form by the 
vectorcardiogram coupler. It amplifies the signal from the detector and 
outputs an analog voltage suitable for digitization by the CDMS. 

3. 7. 2. 2 CDMS Implementation with NIM/CAMAC 

Figure 3-47 outlines the primary elements required in the Biomedical 
CDMS. The position encoder information from the rotating litter chair is 
passed to the computer where it can be time differentiated once or twice 
as required to obtain the rotational velocity and acceleration of the chair. 

As seen in the diagrm, all other signals in this category of equipment require 
simple digitization or are input directly as digital signals. 

Table 3-41 lists all of the CAMAC modules required to interface the 
biomedical equipment to the experiment computer. Fast {23 ysec) ADC's are 
used in most cases so that the sampling rate of the signal is high enough 
to be able to reproduce and interpret any subtleties in the waveform. 

3.7.3 Data Management and Life Sciences Support 

3. 7. 3.1 Instrument Functions and CDMS Requirements 

The equipment in this category (Equipment Units 2 and 3 of the Convair 
study} supplements the Spacelab data management system in order to provide 
a fuller capability to perform Life Sciences research. This category also 
provides centralized supporting and interface equipment for the Life Sciences 
payloads. The equipment elements of this category which require ^n interface 
to the CDMS are summarized below. 

Portable Pi splay/ Keyboard - These two pieces of equipment allow the crew 
to interface to the CDMS at the experiment site. Relevant experiment data 
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Figure 3-47. Life Sciences Biomedical Studies NIM/CAMAC Implementation 


Table 3-41. CAMAC Implementation of Biomedical 



CAMAC 

Specific 


System Element 

Product Code 

Example 

Comments 

El ectrophys i ol ogical 
Receiver 

ADC 

161 

B01244 

23-visec conversion 

Rotating Litter Chair 
Multiplexer 

164 

KS3510 

Sixteen-channel ADC 

ADC 

161 

K53510 

self-scanning. 

Position Encoder 

117 

EG&E PE019 

Exercise Equipment 
ADC 

161 

BOl 244 


Doppler Flowmeter 
ADC 

161 

B01244 


Metabolic Analyzer 
Input Register 

121 

NE7059-1 


Vectorcardiogram Coupler 
ADC 

161 

BOl 244 

Fast ADC 
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is provided to them as required on the CRT display. This equipment is as- 
sumed to be supplied by the Spacelab and includes alphanumeric and graphic 
displays and a control keyboard. No special equipment need be provided by 
the dedicated 30-day laboratory in order to implement this function. A dis- 
cussion of a CAMAC implementation of this function for the overall Spacelab 
is included in Section 3.1.1 of this report. 

EGG, EES and EMG Couplers - The ECG, EEG and EMG instruments are all cen- 
tral to the research program of the Life Sciences Laboratory. In order to 
take full advantage of these instruments they must be electrically coupled 
into the CDMS for purposes of real time data reduction. It is estimated 
that the dedicated 30-day laboratory will require 12 ..uG couplers, 4 EEG 
couplers and 6 EMG couplers. These couplers will be peculiar to the indi- 
vidual detectors and will supply an amplified analog signal to the CDMS 
that must be digitized for processing. 

Oscilloscope - For the immediate interpretation of experiment data as it 
is gathered, it is necessary to provide an oscilloscope for display of some 
of the data. This is hardware interf.^ced to the data sources under CDMS 
control. This function is assumed to be provided by Spacelab as discussed 
in Section 3.1.1. 

Coupling and Conditioning Equipment - There are a variety of couplers and 
signal conditioners required to handle the many small analog signals gene- 
rated by the various detectors within the laboratory. The output of all of 
these requires digitization for processing in the CDMS, They are summarized 
briefly below. 

@ Photo Cell Couplers - Photocells and phototransistors are used in the 
holding units (cages) and other places in the laboratory to measure 
ambient light levels. These must be coupled into the CDMS for moni- 
toring of out of tolerance conditions. Up co 24 such sensors may be 
used. 

• Pressure Sen s or Couplers - As blood pressure and other pressure mea- 
surements are made, they are uoupled into the CDMS for real-time pro- 
cessing and interpretation. It is expected that 4 couplers will be 
required. 
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• Signal Conditioners - A variety (35) of signal conditioners other 
than those mentioned above is provided to interface miscellaneous 
physical and physiological measurements into the CDMS. 

0 Accelerometer Coupler - The accelerometer is used to measure crew 
body accelerations and this device prepares the signals from the 
sensor for interfacing into the CDMS. 

t Gas Supplies - In addition to the general pressure measurements 
mentioned above, the pressures of several gas supplies within the 
laboratory are regularly sampled and recorded. 

8 Power Conditioning Equipment - About half a dozen voltages and cur- 
rents are monitored at various places about the laboratory. 

f Water Conditioning Equipme nt - An occasional measurement of the 
water tank expulsion bladder pressure is required. 

The particular type of signal conditioning involved in these devices 
is not currently available in NIM or CAMAC form. However, a large number 
of them could be packaged as NIM modules. 

3.7.3. 2 CDMS Implementation wi t h NIM/CAMAC 

The block diagram of Figure 3-48 shows repeated use of analog-to-digital 
convertors to interface the signals from this category of equipment into the 
CDMS. In many cases the sampling rate required is low enough that several 
signals can share an ADC through a multiplexer. The repetitive usage of ADC's 
for this equipment is due to the multiplicity of analog signals output by all 
of these devices. 

Absent from the block diagram is the equipment necessary to interface 
the CRT Display and Keyboard into the experiment computer. This was dis- 
cussed in Section 3.1.1. 

Table 3-42 sums up the equipment required for this interface function. 
Some economy of module usage is attained by sharing modules as described in 
the comments column of the table. The 1244 Borer ADC is shown as an example 
in situations where somewhat greater accuracy in signal digitization is re- 
quired. Otherwise the Kinetic Systems 3510 is used. 
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Figure 3-48. Life Sciences Data Management and Laboratory Support 
NIM/CAMAC Implementation 
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Table 3-42. CAMAC Interface Modules for Data Management 
and Life Sciences Support Equipment 


System Element 

CAMAC 

Product Code 

Specific 

Example 

Comments 

ECG, EEG, and EM6 Couplers 

Multiplexers (2) 

164 

801704 

EEG and EMG couplers share 

ADC's (2) 

161 

B01244 

a multiplexer and an ADC 

Photocell Couplers 

Multiplexer 

164 

B01704 


ADC 

161 

BO 1244 


i- 'essure Sensor Couplers 

Mul tiplexer 

164 

B01704 

Eight of the photocell and 

ADC 

161 

B01244 

three of the signal condi- 

Signal Conditioners 
Multiplexer (2) 

164 

B01704 

tioner signals also 
handled here. 

ADC’s (2) 

161 

B01244 


Accelerometer Coupler 

ADC 

161 

B01244 


Gas Supply Pressures 

Multiplexer 

164 

KS3510 

Sixteen-channel ADC, self- 

ADC 

161 

KS3510 

scanning 

Power Conditioning Equip- 
taent 

Multiplexer (1/2) 

164 

KS3510 

Share 1/2 of AUC with 

ADC (1/2) 

161 

KS3510 

water conditioning sensors 

Water Conditioning Equip- 
ment 

Multiplexer (1/2) 

164 

KS3510 

Share 1/2 of ADC with 

ADC (1/2) 

161 

KS3510 

power conditioning sensors 
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3.7.4 Holding Units and Research Support 

3.7.4. 1 Instrument FuncLtons and CDMS Requirements 

This category of equipment provides for holding (caging) vertebrates 
as well as for research supporting functions specific to the vertebrate 
organisms. Also in this category are equipment units which provide envi- 
ronmental enclosures for the growth of plant organisms, invertebrate organ- 
isms, and the equipment to support plant research. A final type of equip- 
ment is that for housing cells and tissue and supporting research in these 
areas. 

Most 0 (‘ the equipment in this category is still in the conceptual de- 
sign phase. However, the major characteristics of all of the holding units 
except that for primates are summarized in the common holding unit shown in 
Figure 3-49 (from the Convair report CASD-NAS-74-046) . The common holding 
unit forms a basic housing for a variety of organisms and is internally 
modified as required to suit individual organisms. The unit is sealable in 
order to minimize air leakage into or out of the organism compartment and 
is designed to mate with a debris contaminant shroud. An essential feature 
of the holding unit is a system for controlling its internal temperature 
within the range 10 to 40°C (possibly using liquid coils integral with the 
walls of the unit). 

When used for plants, the common holding unit must be modified to in- 
clude a lighting system. When used for small vertebrates the integral temp- 
erature control system will probably not be needed since the cage temperature 
will be controlled by the temperature of the system ventilation air. 

The holding unit for primates, because of their larger size, will be 
custom designed and considerably different from the common holding unit. 

It will, however, still provide a controlled environment for the animals. 

Each of the holding chambers requires regular monitoring of temperature, 
air flow, humidity and pressure. The sensors for all of these measurements 
produce analog signals which can be multiplexed into an ADC and then into the 
Spacelab computer. In the case of temperature and air flow it is assumed 
that analog control signals will be returned from the CDMS to the holding 
units. Additionally, the vertebrate and primate holding units will require 
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stepping motor control signals for positioning of a TV monitoring camera. 

Several additional instruments are required to support the vertebrate 
and plant research functions. These are listed and described briefly below. 

Flowmeter Couplers & Blood Pressure Transducer - These devices supply 
signals proportional to water flow rate at various places in the laboratory. 

Also included in this category of equipment is a separate blood pres- 
sure transducer to be used on the vertebrates being studied. 

The flowmeter coupler and blood pressure transducer both produce analog 
signals that must be digitized for monitoring and interpretation by the CDMS. 
In the case of the blood pressure transducer a wave! . ,ii analysis of the 
blood pressure wave may be performed by the CDMS computer. 

C l i nos tat - The purpose of the clinostat is to slowly rotate plant organ- 
isms relative to the laboratory. It is used on earth to neutralize the ef- 
fects of gravity through slow rotation or the organism. Its use on Spacelab 
is to determine if it produces only artifacts relative to a true zero-G en- 
vironment. The clinostat will be driven by a stepper motor to which the CDMS 
must supply the' control signals. 

3. 7. 4. 2 CDMS Implementation with NIM/CAMAC 

Figure 3-50 shows the interface of the holding units to the Spacelab 
CDMS using CAMAC equipment. All of the units are instrumented basically 
the same with multiplexers and ADC’s to sample temperatures and other ana- 
log voltages for the control of heaters. 

The CAMAC modules required for chis interface are listed in Table 3-43. 
The Kinetic Systems dual steppi:ig motor driver units for the Vertebrate and 
Primate Holding Units were chosen so as to be able to control the positions 
of the TV camera for those units in two orthogonal axes, 

3.7.5 Other Life Sciences Experiment Units 

3. 7. 5.1 Instrument Functions and CDMS Requirements 

This category of equipment consists of several equipment units not 
covered in the other equipment categories. One of these is the Life Support 
Subsystem Test Unit. It provides the capability to perform tests on LSS 
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Figure 3-50. Life Sciences Holding Units and Research Support, NIM/CAMAC 
Implementation 
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Table 3-43. CAMAC Interface of Holding Units 
and Research Support Equipment 


CAMAC 

System Element Product Code 

Specific 

Example 

Comments 

Small Vertebrate Holding 
Unit 

Multiplexer 

164 

KS3510 

Sixteen-channel ADC, self 

ADC 

161 

KS3510 

scanning 

DAC's (2) 

162 

D0200-1518 

Stepping Motor Drivers (2) 

145 

KS3360 

Two units in one module 

Primate Holding Unit 

Multiplexer 

164 

KS3510 

Sixteen-channel ADC, self 

ADC 

161 

KS3510 

scanning 

DAC's (2) 

162 

D0200-1518 


Stepping Motor Drivers (2) 

145 

KS3360 

Two units in one module 

Plant Holding Unit 

Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


DAC's (2) 

162 

D0200-1518 


Cell and Tissue Holding 
Unit 

Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


DAC's (2) 

162 

D0200-1518 


Invertebrate Holding Unit 

Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


DAC's (2) 

162 

D0200-1518 


Flowmeters 

Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


Blood Pressure Transducer 

ADC 

161 

B01244 


Cl i nos tat 

Stepping Motor Driver 

145 

KS3361 
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prototype equipment. Its equipment roster includes portable life support 
systems for EVA and an LSS test bench. The intent of the latter is to sup- 
port a variety of experiment test apparatus. It supplies electrical power 
connections, coolant fluid connections, structural support, vacuum connec- 
tions and general purpose instrumentation. The requirements on the CDMS to 
support this equipment are fairly minimal. The portable life support systems 
for EVA require no interface to the CDMS, The only specific requirements are 
that several analog voltages from measurements of temperature, pressure and 
flow on the LSS test bench be digitized and monitored for out-of-tolerance 
by the CDMS. 

A second equipment unit in this category is one for the measurement of 
man/systems integration (MSI) parameters including man's behavior and per- 
formance in space and his interaction with various types of equipment. The 
equipment in this category includes a psychomotor performance console, force/ 
torque measurement taskboard, vision tester and MSI task simulator. Many of 
the experiments performed with the MSI equipment will also be done indepen- 
dent of the CDMS. Additionally, much of the data gathered in MSI experiments 
uses equipment from other categories such as ECG's, EEC's and accelerometers. 
The only additional equipment which requires interfacing to the CDMS is that 
associated with the psychomotor performance console. Analog data from this 
console will require digitization for processing in the Spacelab computer 
and display on the portable CRT. 

The third unit of equipment in this category is the bioresearch centri- 
fuge. This device has a total diameter almost equal to that of the Spacelab 
and includes 8 cage modules for holding vertebrate specimens. The major 
function of the centrifuge is to simulate a gravitational field for various 
small vertebrates in order to compare their behavior with that in the zero-6 
environment of the Spacelab. Various biomedical parameters will be monitored 
on the vertebrates that get spun in the centrifuge. A transmitter and re- 
ceiver system will be required to convey these signals from the centrifuge 
to the rest frame of the Spacelab. At that point they will be digitized and 
processed to the CDMS in the same fashion as the signals from the electro- 
physiological receiver in the Biomedical equipment category. Additionally, 
the centrifuge position will be detected and sampled regularly. This data 
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will be time differentiated to obtain the rotational velocity and accelera- 
tion of the centrifuge. 

3. 7. 5. 2 CDMS Implementation with NIM/CAMAC 

The block diagram of Figure 3-51 shows the straightforward interface 
of these equipment units into the CDMS with CAMAC equipment. The exact num- 
ber of signals to be multiplexed into each of the three ACD's is uncertain 
and is only indicated schematically. 

The seven CAMAC modules envisioned for this interface task are shown in 
Table 3-44. The necessity of three separate sets of multiplexers and ADC's 
will vary depending on which specific equipment items are being used in the 
three experiment units. 

3.7.6 Life Sciences Payload Summary 

The premise in the analysis of the Life Sciences 30-day dedicated lab- 
oratory was that most of the equipment to be used in the laboratory would be 
commercial units modified as required for the Spacelab environment. Since 
virtually all commercial units perform at least elementary processing of the 
data signals that they generate, the CDMS requirements for the Life Sciences 
laboratory are different from that of many of the other instrument groups 
studied. In rhe case of the Life Sciences instruments there are no low level 
signals to be processed and very little digital data. The great majority of 
the instruments produce analog signals of the type that would normally drive 
meters or strip chart recorders in the laboratory. In order to efficiently 
use the computational and analytical capabilities provided by the Spacelab 
these signals must be regularly sampled, digitized and fed to the experiment 
computer. 

The adapted commercial nature of the Life Sciences instruments is re- 
flected in the summary of required NIM and CAMAC equipment in Table 3-45. 
First of all, there is no NIM equipment required since all of the signals 
that might normally be processed in NIM modules are handled by discrete elec- 
tronics intrinsic of each of the individual instruments. 

The other outstanding feature of the table is the heavy usage of analog- 
to-digital converters. These convert all of the strip chart type of signals 
from the instruments to a form comprehensible by the computer system. 
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Figure 3-51. Life Sciences Other Equipment Units, NIM/CAMAC Implementation 
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Table 3-44. CAMAC Implementation for Other Experiment Units 


System Element 

LSS Test Bench 

Multiplexer 

ADC 

Psychomotor Performance 
Console 

Multiplexer 

ADC 

Bioresearch Centrifuge 

Multiplexer 

ADC 

Position Encoder 


Table 3-45: 


CAMAC Specific 
Product Code Example 


164 B01704 

161 B01244 


164 B01704 

161 B01244 


164 B01704 

161 B01244 

117 EG&G PE019 


Life Sciences Use of CAMAC 


Comments 


These signals are trans- 
ferred from the centrifuge 
via an electrophysiological 
transmitter and receiver. 


Equipment 


CAMAC Equipment 


CAMAC 

Product 

Code 


Equipment Category 

JS jXi 

- -OS’ JC 







V 




Totals 


Position Encoder 117 
Input Register 121 
Output Register 133 
Stepping Motor Driver 145 


Analog-to-Digital Converter 161 
Single Unit - Fast 
Multichannel - Slow 
Digital -to-Analog Converter 162 


Multiplexer 164 

Branch Driver 211 
Crate Controller 231 
Crate w/ Power Supply 411 


1 

3 1 

1 
1 


1 


5 


2 

4 

1 

6 


5 4 

2 1 

1 


1 1 
1 1 


7 1 3 20 

3 6 12 

2 3 

6 3 9 

Share 1 1 

1 1 Share 4 

1 1 wi th 4 

Biomedical 
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3.8 SPACE PROCESSING APPLICATION PAYLOADS 

Six objectives for the Space Processing Applications (SPA) program 
aboard Space Shuttle have been defined by NASA. 

• Make space easily accessible to the international scientific 
and industrial community for research and development work 
in materials science and technology. 

« Develop techniques that take full advantage of the character- 
istics of space flight to achieve experimental and process 
conditions that are not attainable at competitive costs on 
earth. 

• Employ the novel materials research and development techniques 
that are possible in space to acquire new knowledge in 
technologically important areas of materials science and 
technology. 

0 Apply R&D results obtained in space to advance materials 
technology generally and in particular, to invent processes 
to manufacture products in space for use on earth. 

0 When appropriate, reduce selected space manufacturing processes 
to practice and conduct pilot production operations to demon- 
strate their practicality. 

0 When capabilities to manufacture economically viable products 
are achieved, initiate commercial production operations in 
space. 

TRW has been involved in several studies of how best to use the 
Space Shuttle to accomplish these objectives. One result of these 
studies has been the definition of five payload equipment groupings 
required to perform the space processing experiments. 

Furnace - A grouping of furnaces and associated apparatus for performing 
activities In which physical contact with the specimen is permissible. 

Levitation - Apparatus providing contactless positioning and heating 
of specimens with associated process control and characterization. 

Bioloqi cal - Equipment which produces separation of biological samples 
with associated preservation and storage capacity. 

Lt n igral Purpose - Provides services with associated characterization 
equipment supporting the accommodation of a variety of moderate 
temperature research areas, including physical or chemical fluid 
studies. 
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Core - Consists of centralized data acquisition, processing and 
equipment control functions* 

The primary purpose of this study is to analyze the requirements 
of the core subelement to support the other four groups of equipment. 

Table 3-46 lists all of the equipment items in the SPA payload 
which require interfacing to the CDMS. The various equipment groupings 
which use each piece of equipment are indicated. For purposes of 
discussion these equipment items have been divided into four categories 
as shown. These will be treated individually in the following sections. 
It is to be emphasized that this division into categories is primarily 
for convenience of discussion. Although there is some correlation 
between the equipment groups and the equipment categories defined in 
Table 3-46, it is not intended to necessarily reflect a functional 
grouping. 

3.8.1 SPA Equipment Category I 

3.8. 1.1 Instrument Functions and CDMS Requirements 

The seven items of equipment in this category are discussed 
briefly below. 

Flowmeter - This device will be used to measure gas or liquid flow 
to and from various pieces of test equipment in the biological experi- 
ments. Its analog output signal must be digitized for processing 
in the CDMS. 

pH Monitor - Several of the SPA experiments require a continuous monitor 
of the pH of a test solution. The analog signal from this measurement 
device is digitized so it can be monitored by the CDMS computer. 

UV/Visible Spectrometer - In order to better chart the changes occurring 
in experiment samples as they are processed this instrument will be 
used to record the time dependent UV and visible spectra of the samples. 
The detector for this instrument is a photomultiplier tube operated 
in the pulse counting mode. Control must also be provided to the 
stepping motor which moves the grating for spectral scans. 
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Table 3-46. Equipment Requiring Interface to CDMS for SPA 


General 

Equipment Category Biological Furnace Purpose Levitation 


Category I 

Flowmeter 
pH Monitor 

UV/Visual Spectrometer 

Fluid Cooling/Refrigeration 
Unit 

Temperature Measurement System 
Laser Optical Scattering Monitor 
Electro “Optical Imaging System 

Category II 

Gas Chromatograph 

IR Spectrometer 

Vacuum/Pressure Measurement 
and Control 

Nuclear Particle Counting Unit 

Mixing and Dispersal Units 

Manipulation and Displacement 
Units 


« 

9 a 

& B 

0 

« a a 

0 a a 

a a a 

a a 

a 

a a a 

a 

a a 

a a 


Category III 


Liquid Syringe Dispenser 
Inertial Injector 
Residual Gas Analyzer 
Directional Calorimeter 
Time Lapse/High-Speed Camera 
Dye Laser/Flash Lamp 

Category IV 
Zone Refiner 

Directional Solidification Unit 

Low-Volt/High-Amp Supply 

RF Induction Supply (2 kHz to 

2 MHz) 

RF Induction Supply (Mixing and 

Dispersal) 

High Voltage (17 kV) • 


a a 

a 

a a 

a 

a a 

a a a 


a 

a , , 

a a a 

a a 

a a 

a a a 
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Fluid Cooling/Refrigeration Unit - This device will be used to pre- 
serve biological samples and will require the processing of analog 
temperature signals. 

Temperature Measurement System - Several devices will be used for tempera 
ture measurements in the various SPA experiments. These will include 
electrical resistance sensors, thermocouples and pyrometers to measure 
incandescent light intensity. All of these devices produce analog 
voltages that must be digitized for processing. 

User Optical Scattering Monitor - Another method of quantizing the 
changes in materials as they are processed is to measure the light 
backscattered when a sample is irradiated with a laser. This light is 
detected by a photomultiplier tube operated in the pulse counting mode. 

Electro-Optical Imaging System - The EOIS is a closed circuit TV system 
used to monitor and record the time evolution of various laboratory 
processes such as crystal growth, furnace operation and material 
interactions. The device includes its own recording and playback 
facilities. 

3. 8. 1.2 CDMS Implementation with NIM/CAMAC 

Figure 3-52 illustrates the NIH and CAMAC equipment required to 
interface the Category I SPA equipment into the Space! ab experiment 
computer, NIM equipment is particularly well adapted to handling the 
photomultiplier signals from the Spectrometer and Laser Scattering 
equipment items since this is the most common type of detector used in 
ground based accelerator laboratories. It is only because of its self- 
contained recording and playback capability that the EOIS can be 
handled with CAMAC modules as shown. After a picture has been taken 
and stored by the EOIS the individual picture elements are clocked 
out to a fast ADC under computer control (via the output register). 

After digitization the computer processes them as required and sends 
them to the appropriate display unit. 

The equipment listed in Table 3-47 implements all of the NIM and 
CAMAC functions shown in the block diagram. The Ortec 456 high voltage 
power supplies chosen as an example have a variable output voltage 
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Table 3-47. NIM/CAMAC Implementation of Category I 


SPA Equipment 




CAMAC 

Specific 


System Element Product Code 

Example 

Comments 

Flowmeters 




Multiplexer 

164 

KS3510 

Sixteen-channel ADC, self 

ADC 

161 

KS3510 

scanning 

pH Monitor 




ADC 

161 

KS3510 

Use one channel of flow- 
meter ADC 

UV/Visual Spectrometer 




Scaler 

in 

B01002 


Stepping Motor Driver 

145 

KS3361 


High-Voltage Supply 

NIM 

ORTEC 456 


Photomultiplier Amplifier 

HIM 

ORTEC 276 


Single-Channel Analyzer 

NIM 

ORTEC 406A 


DAC 

162 

D0200-1 528 

+10-V, 12-bit, Dornier 

Input Register 

121 

NE7059-1 


Fluid Cool inq/Refrigeration 
Unit 




Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


DAC 

162 

D0200-1528 


Temperature Measurement 
System 




Multiplexer 

164 

KS3510 


ADC 

161 

KS3510 


Laser Scattering 




Scaler 

111 

B01002 


High-Voltage Power Supply 

NIM 

ORTEC 456 


Photomultiplier Amplifier 

NIM 

ORTEC 276 



162 

D0200-1528 


EOIS/CCTV 




ADC - Fast 

161 

B01244A 

nO-V, 12-bit, 23-visec 

Output Register 

133 

KS3080 

conversion time 
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controlled by a 0-11 volt input voltage. This input is provided by 
the DAC's operated under direct software control in the computer. This 
makes the total operation of the photon detection systems subject to 
automatic programmed operation. The Borer ADC shown for the EOIS is 
fast enough to handle the playback signals from the EOIS recorder. 

3.8.2 SPA Equipment Category II 

3. 8. 2,1 instrument Functions and CDMS Requirements 

This section contains brief descriptions of the six equipment items 
in this category. 

Gas Chromatograph - This is assumed to be an adaptation of a commercial 
unit containing its own thermal control and gas sampling subsystems. 

The analog output of the instrument is digitized so that the CDMS 
computer can perform waveform analyses of the data to determine the 
gas concentration present. 

IR Spectrometer - Another data point required to understand the physical 
and chemical changes undergone by some materials during processing is 
the nature of the infrared spectra of the material. The infrared 
spectrometer produces analog signals and like the UV/Visual photometer 
requires control signals to the stepping motor that positions the grating. 

Vacuum/Pressure Measurement and Control - Analog signals from pressure 
sensors must be processed and integrated by the CDMS in order to provide 
control signals for maintaining test containers at specified pressures. 

Nuclear Particle Counting Unit - Some of the materials to be processed 
in the laboratory will be radioactive and radioactive tracer elements 
will be used to monitor other processes. The nuclear particle counting 
unit provides for the recording and analysis of radioactive counting 
data. 

Mixing and Dispersal Units - These instruments will be acoustic, electro- 
magnetic and mechanical devices designed to assure thorough mixing of 
liquified samples. Analog instrumentation signals will be output by 
the devices and analog control signals must be input to operate them. 

Manipulation and Displacement Units - Three different devices for mani- 
pulation samples are envisioned. One will be a standard three axis 
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mechanical manipulator. A second will be a holder for crystals during 
growth (including a feed mechanism). And a third will be a piezoe- 
electric drive to accomplish small displacements of samples. All three 
of these devices require the processing of position sensor signals 
and the input of analog control signals. 

3.8. 2.2 CDMS Implementation with NIM/CAHAC 

Figure 3-53 outlines the CDMS system to support category II 
instruments using NIM and CAMAC equipment. A stepping motor driver is 
used to control valve operation in the vacuum/ pres sure system. The 
nuclear particle counting unit is readily implemented with NIM modules 
since this is one of the major functions for which they were designed. 
Analog signals from the mixing, dispersal, manipulation and displace- 
ment units are multiplexed into ADC's for computer processing in order 
that analog control signals may be returned to these units via DAC's, 

Table 3-48 gives specific examples of all of the NIM and CAMAC 
modules required to handle the CDMS interface for Category II equipment. 
Fairly extensive use is made of the Kinetic Systems 3510 unit with 16 
ADC channels to' process the multitude of analog signals produced by the 
various instruments in this category. The Kinetic Systems 3110 was 
chosen as an example of the DAC’s to be used by this equipment category 
because it is an 8-channel unit and several channels may be required 
for each of the two applications shown in the table. 

3.8.3 Category III SPA Equipment 

3, 8.3.1 Instrument Functions and CDMS Requirements 

There are six major pieces of equipment in this category. 

Liquid Syringe Dispenser - This device is used to Inject precise 
quantities of liquids into a processing volume. It operates on the same 
principle as a hypodermic syringe. When used for the SPA experiments 
aboard Spacelab the plunger will be driven by a stepper motor under 
direct control of the CDMS. 

Inertial Injector - This piece of equipment uses the same principal as 
a pinball machine to impart momentum to a sample to be injected into the 
processing volume. It is instrumented with a stepping motor to cock 


197 


TO 

EXPERIMENT 

COMPUTER 



Figure 3-53. SPA Category II Equipment NTM/CAMAC Implementation 












I 


1 


I 




i 


Table 3-48. CAMAC Implementation of Category II 
SPA Equipment 


System Element 

Gas chromatograph 
ADC 

IR Spectrometer 
ADC 

Stepping Motor Driver 
Bias Supply 
Input Register 

Vacuum Pressure System 

Multiplexer 

ADC 

Stepping Motor Driver 
Input Register 

Nuclear Particle Counting 
Unit 

HV Supply 
Preamplifier ■ 

Analyzer 

Scaler 

Mixing and Dispersal Units 

Multiplexer 

ADC 

DAC 

Manipulation and Displace- 
ment Units 

Multiplexer 

ADC 

DAC 


CAMAC Specific 
Product Code Example 


161 B01244A 


161 B01244A 

145 KS3361 

KIM ORTEC 459 

121 NE7059-1 


164 KS3510 

161 

145 KS3361 

121 NE7059-1 


NIM ORTEC 456 
NIM ORTEC 276 
NIM ORTEC 406A 
111 B01002 


164 KS3510 

161 

162 KS3110 


164 KS3510 

161 

162 KS3110 


Comments 


Five-kV Detector bias supply 


Sixteen-channel ADC, self- 
scanning 

Share register above 


Sixteen-channel ADC, self- 
scanning 

Eight-channel, ten-bit 


Sixteen-channel ADC, self- 
scanning 

Eight-channel, ten-bit, 
share the one above 
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it and a solenoid-driven release latch to fire it. 

Residual Gas Analyzer ■■ The residual gas analyzer is used to measure 
small quantities of gas remaining in an evacuated region. It is 
especially useful for detecting and separating traces of organic 
molecules. It operates on principles similar to that of a mass spectro- 
meter leak detector using an electrostatic analyzer with an impressed 
voltage swing to scan molecular weights. An analog signal is required 
to control the voltage scan and the system produces several analog 
signals (both science and engineering data) which must be digitized for 
processing by the Spacelab CDMS. 

Directional Calorimeter - This instrument is analogous to a radiative 
flux meter and is used to make temperature measurements of samples 
being processed. The analog output must be digitized for interpretation 
by the CDMS. 

Time Lapse/High Speed Camera - This device will be used to record the 
time evolution of several of the SPA processes. It is controlled by 
an output register that sets the aperture and exposure time and releases 
the shutter. A stepping motor driver is also required to control the 
motorized film advance mechanism. 

Dye-Laser/Flash Lamp - Dye Laser and Flash lamp units are p'^ovided for 
controlled illumination of several of the processes to be monitored 
by the laboratory. They will basically be operated in an ON/OFF mode. 

3. 8. 3. 2 C DMS Implementation with NIM/CAMAC 

Figure 3-54 blocks out the primary elements of the CDMS to support 
this category of equipment. Most of the equipment in this category 
consists of adapted commerGial instruments that are mostly self-containted. 
This means that only the simplest interfaces to the experiment computer 
are required and results fn the fairly simple CDMS shown. 

The various CAMAC modules required to implement the CDMS for this 
category of SPA equipment are described in Table 3-49. No NIM equipment 
is required in this CDMS because all of the instruments perform their 
own low level processing of signals. There are no photon or particle 
counting requirements of the type for which NIM is designed. As indicated 
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Table 3-49 


System Element 

Liquid Syringe Dispenser 

Stepping Motor Driver 
Input Register 

Inertial Injector 

Stepping Motor Driver 
Output Register 
Input Register 

Residual Gas Analyzer 

Multiplexer 

ADC 

DAC 

Directional Calorimeter 
ADC 

Time Lapse/ High-Speed 
Camera 

Stepping Motor Driver 
Output Register 
Input Register 

Dye Laser/ FI ash Lamp 
Output Driver 


CAMAC Implementation of Category III 
SPA Equipment 


CAMAC 

Specific 


Piroduct Code 

Example 

Comments 

145 

KS3361 


121 

NE7059-1 


145 

KS3361 


133 

KS3080 

Share 1/2 below 

121 

NE7059-1 

164 

KS3510 

Sixteen-channel ADC, self 

161 


scanning 

152 

D0200-1528 

+10-V, 12-bit, Dornier 

161 

B01244A 


145 

KS3361 


133 

Kssoao 


121 

NE7059-1 

Share register above 

133 

KS3080 

Share 1/2 with inertial 
injector 
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in the table some economy of CAMAC modules is obtained by sharing input 
and output registers among several of the instruments. 

3.8,4 Category IV SPA Equipment 

3. 8.4*1 Instrument Functions and CDMS Requirements 

This equipment category has only two major instruments, the zone 
refiner and directional solidification unit, but also includes four 
power conditioning and conversion units which support many of the other 
pieces of equipment in the laboratory. 

Zone Refiner - This Instrument is used in metallic purification processes. 
A cylinder of metal is passed slowly through the device with the central 
section being heated to a high temperature. Impurities in the metal 
are pushed ahead of the hot region to the end of the sample as it moves 
through. The instrumentation for the zone refiner is used to establish 
thermal control of the system. 

Directional Solidification Unit *- This experiment studies solidification 
processes in cylindrical metal samples by subjecting the sample to a 
linear temperature gradient along its length. Instrumentation for 
monitoring and control of the temperature profile is required. 

Power Conditioners and Converters - The other four pieces of equipment 
in this category perform power conditioning on the Space! ab supplied 
power to support the various SPA instruments. The Low Voltage/High 
Amperage unit and RF Induction {2KHz to 2MHz) unit are designed primarily 
to support the General Purpose Furnace and the Directional Solidification 
Unit. The High Voltage Power Converter is used for the Zone Refiner and 
Directional Solidification Units. There is also a second RF Induction 
Unit for powering the Mixing and Dispersal Units and other equipment 
throughout the laboratory. 

3. 8.4. 2 CDM5 Implementation with NIM/CAMAC 

Figure 3-55 shows the straightforward design of the CDMS for Category 
IV equipment with CAMAC modules. The Zone Refiner and Directional 
Solidification Units are controlled by sampling temperatures with a 
multiplexer and ADC, closing the control loop in the computer software 
and feeding back an analog heater control signal through a DAC. Control 
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Figure 3-55. SPA Category IV Equipment NIM/CAMAC .Implementation 
















of the power conditioning and conversion units consists solely in 
switching the units on and off with an output driver module. 

The five modules described in Table 3-50 accomplish all of the 
computer interface functions for thecategory IV equipment. Since many 
DAC's are packaged in quad or octal units the total number of modules 
could be reduced to four by sharing a single DAC module. The simplicity 
of the CDMS requirement for this category reflects the fact that the 
items of equipment are mostly self-contained and controlled and require 
very little external interface. 

3.8.5 SPA Payload Summary 

The NIM and CAMAC requirements for the SPA data processing and 
control functions are summarized in Table 3-51. 

The fairly heavy use of multichannel ADC's for these instruments is 
due to the multitude of analog signals they produce. In particular, 
sensors for measurement of temperature, flow and pressure contribute 
heavily to the requirements in this category. 

Sixteen digital-to-analog converters are specified but these are 
contained within two octal modules. Each of these modules is shared 
between two equipment categories. 

All of the requirements for NIM equipment are in the first two 
equipment categories since these contain the photomultiplier tube and 
infrared sensors. None of the sensors used in the other two categories 
produce signals of a type suitable for processing by NIM modules. 
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Table 3-50. CAMAC Implementation of Category IV 
SPA CDMS 

CAMAC Specific 


System Element Product Code 

Zone Refiner 

Multiplexer 164 

ADC 161 

DAC 162 

Directional Solidification 
Unit 

Multiplexer 164 

ADC 161 

DAC 162 

Low-Voltage/High-Amp 

Converter 

Output Register 133 

RF Induction Conditioners 
Output Register 133 

RF Induction Conditioners 
Output Register 133 

HV Power Converter 
Output Register 133 


Example Comii.ents 


KS3510 Sixteen-channel ADC, self- 
scanning 

D0200-1528 +10-V, 12-bit 


KS3510 ,, Sixteen-channel ADC, self- 

scanning. Share unit above 

D0200-1528 


KS3080 Share with other power 
conditioners 


KS3080 Share with other power 
conditioners 


KS3080 Share with other power 
conditioners 


KS3080 Share with other power 
conditioners 
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3.9 NIM/CAMAC APPLICABILITY AND COMMONALITY 

3.9.1 Applicability Tabulation 

The results of the analyses of the seven representative payloads des- 
cribed in the preceding sections plus the results of the previous work by 
Bendix and NASA/6SFC were combined to generate a summary tabulation of NIM 
and CAMAC usage. Before discussing the overall results for NIM and CAMAC 
equipment applicability, a brief discussion of the four payloads made up 
of instruments analyzed in other studies will be given. 

3. 9. 1.1 Bendix and NASA/GSFC Payloads 

The Bendix study investigated the feasibility of implementing six 
Shuttle sortie payloads with NIM and CAMAC equipment. The instrumentation 
required for the two earth observations experiments analyzed by Bendix 
(13-Band Multispectral Scanner and Microwave Radar System) would actually 
constitute considerably less than an entire payload in the sense we are 
using the term here (i.e., a complement of instruments that approximately 
uses the full payload capability of Spacelab). Consequently, these two 
instruments were included in the earth observations payload analyzed in 
Section 3.6, and their results have already been incorporated in Table 3-38. 

A somewhat similar case applies for the high-energy astrophysics instru- 
ments analyzed by Bendix and NASA/GSFC. The Shuttle Sortie Cosmic Ray 
Laboratory treated by Bendix consists of a cosmic-ray instrument that is 
based on a NASA/ JSC balloon flight payload. Major components of the system 
are a superconducting magnet spectrometer and a small ionization calorimeter 
primarily designed for electron detection. 

The two instruments analyzed by NASA/GSFC were designed to fly on 
automated spacecraft and were also based on experiments that have been 
flown on balloons. The Explorer Gamma-Ray Experiment Telescope (EGRET) con- 
sists of a multiplane, wire spark chamber pictorial gamma-ray detector 
coupled with a total absorption shower crystal detector. The High-Energy 
Cosmic-Ray Experiment (HECRE) consists of a large area charge detection 
system and a large ionization calorimeter primarily designed for nuclear 
cosmic-ray detection. 
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We have combined these three instruments into one high-energy astro- 
physics payload designated as the Cosmic -Ray/ Gamma-Ray Payload in our tabu- 
lations. The NIM and CAMAC modules required to implement this payload were 
taken from the Bendix and NASA/GSFC work and are shown in Table 3-52 in the 
format we have used in the preceding sections. 

The remaining three payloads studied by Bendix are payloads in the 
sense used here. The Astronomical Observatory for Shuttle Includes a one- 
meter telescope designed to operate in the ultraviolet and visible regions 
of the spectrum with a variety of focal plane instruments. From the stand- 
point of CDMS requirements# it is similar to the IR telescope discussed in 
Section 3.3. The Atmospheric Science Facility is composed of large numbers 
of optical instruments operated in a coordinated fashion to carry out remote 
sensing measurements on the atmosphere. Finally, the Auroral and Magneto- 
spheric Observatory is very similar to the AMPS payload treated in Section 3.5 
and contains many of the same instruments. The NIM and CAMAC equipment 
requirements for these three payloads that we will use in our overall tabu- 
lation have been taken directly from the Bendix study. 

3, 9. 1.2 CAMAC Applicability 

The overall summary of CAMAC equipment requirements for the eleven 
representative Spacelab payloads is presented in Table 3-53. The numbers 
of modules needed in each payload are tabulated by CAMAC product code. The 
largest numbers of any particular type of module required in one payload are 
circled. This information will be used in the commonality analysis {Section 
3.9.2). It can immediately be seen that a significant number of modules is 
required by each payload. The total number of CAMAC modules required to 
implement the eleven payloads is 648 (not counting crates) yielding an 
average of 59 modules per payload. From the table, it can be seen that the 
applicability of CAMAC equipment is relatively uniform over the various 
disciplines with a factor of two maximum variations up or down from the 
average. As expected, high-energy astrophysics is the heaviest user of 
CAMAC equipment. The distribution of applicability amongst the various 
functional types of CAMAC modules is also seen to be relatively uniform. 

As would be expected, analog-to-digital converters are the most frequently 
used type of module. 
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Table 3-52: Cosmic Ray/Qamma Ray Use of NIM and CAMAC Equipment 


CAMAC 

Product 

Code 


Cosmic Ray Lab EGRET HECRE 
(Bendix) (GSFC) (GSFC) 


CAMAC Equipment 





Scalers 

m 

3 

10 

1 

Input Gates 

121 

1 

1 

1 

Interrupt Registers 

123 

1 

1 

1 

Clocks & Pulse Generators 

131 

1 

1 

1 

Output Registers 

132 

2 

2 

1 

Analog-to-Digital Converters 

161 




High Resolution- Fast 



3 


Multichannel - Slow 


3 

1 

4 

Time Digitizers 


2 



Digital-to-Analog Converters 

162 

1 


2 

Multiplexers 



1 


Branch Drivers 

211 


Share 1 


Crate Controllers 

231 

1 

1 

1 

Crates 

411 

1 

1 

1 

NIM Equipment 





Amplifiers 





Shaping 



1 

7 

Fast 


2 



Delay 



3 


Discriminators 





Fast Integral 


T 

3 

5 

Slow Integral 



6 


Constant Fraction 


8 

2 

2 

Linear Fan-Ins 


1 

4 

7 

Linear Fan-Outs 


2 

1 


Logic Units 


1 

1 

1 

High Voltage Power Supplies 


8 



Bins 


3 

2 

2 
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Totals 


14 

3 

3 

3 

5 

3 

8 

2 

3 

1 

1 

3 

3 


8 

2 

3 

9 

6 

12 

12 

3 

3 

8 

7 



Table 3-53: CAMAG Equipment Applicability Tabulation 
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CAMAC Equipment 

Code 
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Scalers 

111 



4 

Preset Scalers 

113 


(sj 


Position Encoders 

117 


8 


Input Gates 

121 

7 

2 

6 

Input Registers 

122 




Intei"rupt Registers 

123 


3 


Clocks & Pulse Generators 

131 

1 

3 

© 

Output Registers 

132 


5 

Output Drivers 

133 

6 


18 

Stepping Motor Controllers 

145 
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@ 

Anal og-to-Digital Converters 

161 




High Resolution/Fast 
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7 

Mul ti channel /Slow 


¥ 


6 

Time Digitizers 





Digital -to-Analog Converters 

162 

1 

2 

2 

Multiplexers 

164 

3 


3 

Branch Drivers 

211 

1 

1 

1 

Crate Controllers 

231 

4 

2 

4 

Crates w/Power Supply 
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. 4 
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28 
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39 
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No payload CDMS requirements, for which CAMAC-type equipment was in 
general applicable, were found that could not be satisfied with available 
CAMAC modules. Hence, no requirements for functionally-modified or special- 
purpose modules were identified. In fact, in most cases a number of dif- 
ferent modules were available to fulfill any particular functional require- 
ment. 

In summary, our conclusion is clear — from a functional standpoint, 
CAMAC equipment has been found to have a high degree of applicability for 
Shuttle payload data acquisition and control requirements. 

3. 9, 1.3 NIM Applicability 

The overall summary of NIM equipment requirements for the eleven repre- 
sentative payloads is presented in Table 3-54. For the purposes of this 
tabulation, we have generated a functional classificatjon for NIM modules 
that serves the same function as the CAMAC product code. Although the 
total number of units required is considerable, the applicability of cur- 
rently available NIM equipment is concentrated in the high-energy astro- 
physics area. About 70 percent of the total usage occurs in this single 
discipline. While the distribution of usage among the various functional 
types of modules is reasonably uniform in this discipline, the usage else- 
where is limited almost entirely to amplifier and high-voltage po/\;er supplies 
with a few discriminators required in addition. 

The limited applicability found for NIM equipment makes an approach to 
implementing Shuttle payloads that is based directly on existing commercial 
NIM equipment questionable. This conclusion is further strengthened by the 
fact that the available NIM equipment tends to be not very compactly pack- 
aged. 

This situation often arises in the case of analog signal processing 
modules because of the provision of convenient front-panel -mounted switches 
for manual circuit control and the use of numerous coaxial signal connectors 
in existing modules. We believe that consideration should be given to 
developing a more compactly packaged version of NIM-type functions for use 
in Shuttle experiment instrumentation. Such an approach would be quite 
feasible because of the reduced need for easily accessible control switches, 
etc. in spaceflight applications. Some of the functions normally implemented 
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Table 3-54; MIM Equipment Applicability Tabulation 


Astronomy 


High-Energy 

Astrophysics 


Space Physics 


HIM Equipment 

Pulse Amplifiers 
Shaping 
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Delay 
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Fast Integral 
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Constant-Fraction 
Linear Gates 
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Logic Units 
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High Voltage Power Supplies 
Bins w/Power Supply 
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Q. 

£- 


X. 

o 

O 

(O 



o 

U 

1 — 


ra >1 

tn 

01 

o 

nf 

ta 

CD 

0» X 

■{/I 

a: 

iX 

r— 

r — ' •!— 



u 

qj 

flj -o 

1 

(O 

•r- (O 

1— 

I— c 


<a E 



0} 

s: 

IX. S 

in E 

q:: 

>• OQ 

1— 

1 to 

o la 

t — 1 



<c 

XCJ3 

O CD 



CO 



u 



E 



’r— 



O 

Dl 


S- 



•f— 

E 


<u^ 

, — ^ 

in 


•I— 



I— X 

01 

lO 

tn 


o.*t— 

<a 'r" 

o 

> 

U) 


tn T3 

i-T3 

E 

sz s- 

oi OJ 

Ln 

O E 

O E 

(U 01 

■fJ 01 

o o 

Q_ 

E (U 

5- OJ 

M— -r— 

5- cn 

ca o 

e: 

CQ 

=5 CQ 

■r- t_> 

la -Q 

n. s- 



cC'-' 

_J t/3 

UJ o 

tn Q- 


4 11 13 
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3 

32 
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73 
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22 

3 

10 


Special Modules 

Sequence Discriminators 
Wave Analyzers 
Differential Amplifier 


8 
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2 

3 

50 

31 

21 

4 
7 

12 

1 

12 

3 

22 

116 

42 
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in NIM form are available in a more compact CAMAC form (see product code 165 
in the CAMAC Product Guide). We have not used these modules in the present 
analysis because almost all of them are manufactured by a Polish and a 
Hungarian firm. 

Finally, almost one-third of the applicable NIM modules are high-voltage 
power supplies (HVPS's). For many reasons, the use of NIM-packaged HVPS's 
is not attractive for Spacelab applications. For instance, since the NIM 
units must be located in a pressurized environment, extensive high-voltage 
cabling would be required bet\i;een the Spacelab Module or Igloo and pallet- 
mounted instruments, A much more reasonable approach would be to develop 
a family of standard programmable HVPS's suitable for operation in normal 
spaceflight environments. The frequent, relatively common requirements for 
HVPS's found in our work here and in previous analyses leads to the conclu- 
sion that such an approach would be cost effective. 

In summary, we conclude that the limited applicability found for exist- 
ing NIM equipment, coupled with the unattractive packaging features found 
in the NIM versions of the potentially most applicable types of functions, 
makes the development of standard modules specifically designed for space- 
flight applications more reasonable than attempting a general standardiza- 
tion based on existing NIM equipment. 

3.9.2 Coimnonality Analysis 

A more quantitative measure of the commonality of the requirements 
found for any particular NIM or CAMAC unit can be obtained by comparing the 
number of units required when they can be shared among payloads as opposed 
to being dedicated to each payload. A simplified version of this comparison 
is presented in this section. A more detailed and realistic treatment of 
the comparison is given in Section 2, Volume III, as part of the discussion 
of Task 4A. 

The simplified commonality analysis involved comparing the number of 
units that would be required if the eleven payloads were flown in a serial 
sequence as opposed to in parallel. The assumption implicit in this exer- 
cise is that for the serial case, any particular unit would be available to 
all payloads as required. Hence, for the serial case, only the number of 
units required by the largest user of that particular piece of equipment 
would be required to carry but all the flights. For the paralleT case, the 
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total number of units needed by all users would be required. As previously 
noted, the largest user of each type of module is designated by the circled 
entries in Tables 3-53 and 3-54. The commonality analysis amounts to com- 
paring the circled numbers with the numbers in the right-hand column of 
the tables. 

A summary of this comparison is presented in Table 3-55. For CAMAC 
equipment, the serial case requires a total of 217 units versus 687 units 
in the parallel case. For NIM equipment, the corresponding numbers are 245 
versus 406. In other words, because of the increased commonality of the 
requirements for CAMAC equipment, allowing the units to be shared by users 
results in a reduction of almost 70 percent in the number of units needed 
compared with a reduction of 40 percent for NIM equipment. 

So far as the various types of equipment are concerned, the equipment 
that is common to every CAMAC system, such as crates, crate controllers, 
and branch drivers, obviously has the highest commonality. The numbers 
here merely substantiate the discussion in Section 3.1.1 regarding low- 
voltage power supplies for NIM and CAMAC equipment. If use of the overall 
standard is adopted, it would be well worth the investment to develop special 
versions of the system-common equipment for spaceflight application if re- 
quired. At the level of breakdown given in Table 3-55, the degree of common- 
ality found for CAMAC module applications is quite uniform. So far as 
individual types of functional modules are concerned {see Table 3-53), there 
is considerable variation and the most commonly used units are the two types 
of ADC's and stepper motor controllers. 

Therefore, regarding CAMAC equipment, we conclude that the high degree 
of both applicability and commonality found warrants its serious considera- 
tion for use in Spacelab payload instrumentation. We further believe that 
there is enough common application for this conclusion to hold true indepen- 
dent of the question of the amount of modification required for the Spacelab 
environment. In other words, the degree of applicability and commonality 
is sufficient to justify the development of special spaceflight versions of 
the equipment, if required. 
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Table 3-55: Unit Quantities Required to Implement the Representative Payloads 


Equipment I tan 

Parallel Flight Sequence 
(Dedicated Usage) 

Serial Flight Sequence 
(Shared Usage) 

CAMAC 



Serial Input Registers 
(111, 113 & 117) 

90 

36 

Parallel Input Registers 
(121, 122, 123 & 127) 

67 

25 

Output Registers 
(131 , 132, 133) 

121 

47 

Motor Controllers 
(145) 

86 

18 

A-D & D-A Converters 
(161, 162 & 164) 

232 

77 

System-Comnon Equ i pment 
(211, 231, 411) 

91 

14 

Total 

687 

217 

NIM . 



Pulse Amplifiers 

134 

96 

Discriminators 

75 

54 

Linear Gates, Fan-Ins, 
Fan-Outs, Logic Units, 
PHA 

39 

36 

High Voltage Power Supplies 

116 

42 

Bins 

42 

• 17 

Total 

406 

245 


For NIM equipment, the only type of module reaching a commonality com- 
parable to that found for CAMAC is high-voltage power supplies; and, as dis- 
cussed in Section 3, 9.1. 3, NIM is not an efficient form of implementation for 
this function in the Shuttle environment. Therefore, the commonality 
analysis only confirms the conclusion reached in Section 3. 9. 1.3. 


APPENDIX I 
CAMAC PRODUCT GUIDE 



HARDWARE 


This guide consists of a list of CAMAC equipment 
which is believed to be ofTered for sale by manu- 
facturers ill Europe and the USA, The information 
has been compiled by CERN~NP~Electronics and 
is mainly based on information communicated by 
manufacturers and available up to the 20th Septem- 
ber 1975. 

Every clTort has been made to ensure the com- 
pleteness and accuracy of the list, and it is hoped 
that most products and manufacturers have been 
included. Inclusion in this list docs not necessarily 
indicate that products are fully compatible with the 
CAMAC specifications nor that they are recom- 
mended or approved by the ESONE Committee. 
Similarly, omission from this list does not indicate 
disapproval by the ESONE Committee. 


Reader service 

Readers arc advised to use the Reader service 
enquiry card, inserted in tliis Bulletin, if you 
wish to obtain more information on CAMAC 
Products, and to be on the manufacturers 
mailing list. 


Remarks on some columns in the Index of Products 

Column 

NC -N is new, C is corrected entry. 

WIDTH - 1 to 25, indicates module width or — for 
crates — the number of stations available. 

-0 indicates unknown width or format. 

- Blank, the width has no meaning. 

“ NA indicates other format, normally a 
19 inch rack mounted chassis. 

NPR - Number in brackets is issue number of 
the Bulletin in v^i-'h the item was or is 
described in the New Products section. 

DELIV - Date on which item became or will 
become available, 

REF No - Reader service reference number. 


CLASSIFICATION GROUPS 


code page 

1 DATA MODULES (1/0 Transfers and 
Processing) 


11 Digital Serial Input Modules {Scalers, 

Time Interval and Bi-directional Counters, 

Serial Coded etc.) Ill 

12 Digital Parallel InputModules (Storing and 
Non-Storing Registers, Coino. Latch, LAM, 

Status etc.) . V 

13 Digital Output Modules (Serial: Clocks, 

Timers, Pulse Generators, Parallel :TTL Output, 

Drivers) Vlll 

14 Digital I/O, Peripheral and Instrumeri- 
tation Interfacing Modules (Serial and 
Parallel I/O Regs, Printer-, Tape-, DVM-, 


Plotter- and Analyser Interfaces, Step-Motor 


Drivers, Supply CTR, Displays) ...... XI 

15 Digital Handling and Processing Modules 

(and/or/not Gates, Fan-Outs, Digital Level and 
Code Converters, Buffers, Delays, Arithm, 
Processors etc.) XIV 

16 Analogue Modules (ADC, DAC, Multi- 

plexers, Amptifiers, Linear Gates, Discrimi- 
nators etc.). XVI 

17 Other Digital and/or Analogue Modules 
(Mixed Analogue and Digital, Not Dataway 
Connected etc.) . . . . . ... .... XX 


2 SYSTEM CONTROL (Computer Couplers, 
Controllers and Related Equipment) 

21 Interfaces/Drivers and Controllers (Par- 
allel Modd for 46Q0 Branch and Other Multi- 


code page 

Crate Bus, Single-Crate Systems, Autonomous 
Systems) .............. XXI 

22 Interfaces/Controllers/Drivers for Serial 

Highway . XXIV 

23 Units Related to 4600 Branch or Other 

Parallel Mode Control/Data Highway 
(Crate Controllers, Terminations, LAM Graders, 
Branch/Bus extenders) XXIV 

3 TEST EQUIPMENT 

31 System Related Test Gear . ...... XXVI 


32 Branch Related Testers/Controllers and 

Displays . . . . . . . . , . . . . . XXVI 

33 Dataway Related Testers and Displays XXVI 

34 Module Related Test Gear (Module Ex- 
tenders) XXVII 

37 Other Test Gear for CAMAC Equipment XXVII 

4 CRATES, SUPPLIES, COMPONENTS, 
ACCESSORIES 

41 Crates and Related Components/Acces- 

sories (Crates with/without Dataway and 
Supply, Blank Crates, Crate Ventilation Gear) XXVIll 

42 Supplies and Related Components/Ac- 
cessories (Single- and Multi- Crate Supplies, 

Blank Supply Chassis, Control Panels, Supply 
Ventilation) , . .... . . ..... XXX 

43 Recommended or Standard Components/ 
Accessories (Branch Cables, Connectorsetc., 
Dataway Connectors, Boards etc., Blank 
Modules, Other Stnd Components) . . . . XXXI 
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INDEX OF PRODUCTS 

WC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No. 

1 DATA MODULES — I/O TRANSFERS AND PROCESSING 


II Digital Serial Input Modules — Scalers, Time Interval 
and Bi-directional Counters, Serial Coded etc. 

III Simple Serial Binary Registers 
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TTi, iNHjuiT c*nBT tNU Uvr out) 


Of fOOU 


219 




NC pESIGNATtONStSHORT DATA 

TYPE 

MANUFACTURER WIDTH OEUV. 

NPR 

REF. No 

iNPpT [5iaun 

INPUT (,ATt5«!>TH brlL iitTS LiHLiUN) 

UO 2i)0*2QLl 


I fn 

I /72 


14, lOUb 

{«i1Th FVUi^f 

ilki ^4i>*22u) 




(NUDUt.( »1 r«* UNLT Ll'CU aiUNU^ 

i3u «rou-/uuu 


1 //J 



OlDlIit tKHUT REI>I5UM ^*N«LV 

iNPul UfTE aMS Lf^LLilSM) 

UU 2OO«20u2 

DtJiNlLM 

1 //2 

1 //2 


14,iOV9 

(•Hh FHUNI P*<iLL LUKNfCruH] 

Ou 20O-22L2 




Pfrrt*i.UL ]»JPVT UlTE nbilCiRiTiTlL# Utl'*] 

lu 2beUI 

LLC*ELLIul T 

2 //2 


lA.uoe 

12A bIT HtCEIVE>< (ADUOfcSSAbLt AS V IMUT 
HU»)U!i UH 1^5 l*blT kUROS) 

C J4C 

|NFtiH«AlLH 

I //4 


)4,ll0] 

122 Storing Registers 






optical ISULATtO input RECiSiLH 

2601 

bl HA St5»t»*S 

I /74 


14,1102 

PAKALLtU INPUT PtGlSTI-H UPHlT^CuHt tNU>» 
eua MU GTHUbtO hu^e-s CPNTDOUtU trY peg; 

Z014-1 

NULL, ENTtKPHlSta 

1 //O 


HiMOJ 

OVNi DIG, INPUT CifiPiTr TTI.» 

LAK IF input 0*1 tjR 1-0 KR aUlN} 

C 764M»A1/-A4 

SlfcMtNS 

1 //J 

1 a) 

I4,UD4 

1NPU1 RtGlSTtfl tUUlT) 

SDl 

STnu tNNlNEbHlNL 

1 /;a 


14,1100 

PVNAHIC dlGITAL INPUT J60IT FLUiUNG I^P 

C 7b451-Al7-AJ 

SltMENS 

i //j 

( 6) 

14,1106 

19ULATEO INPUT NECtSIER t lOUt T i A»(aO?D FUfl 
UiSA OP 4QV0Cf APSOSA.fQU lldVAU 

AH J02« 

STNU tNUlhtLkIhb 

I /74 


I4,lt07 

IhPUl HtUiSTEH (160 IT, contact ttUSURt > 

AH 3a‘4C 

STsu tNblNEbHlNG 

I //A 


14, MOB 

PANAt.LEL*lNPUT«MtGiaT€P IP/S^BIT 

DPT»H|AUr aiGNALS^Z/U TTl«CUNTHUL UUS3 

MS HI 2 T2J0/1 

AbU-TLLEFUNKEN 

1 /70 

1 ij 

t4,U0D 

input ntUlSTEP (24l<llf SPEC CUNNi 0 Ull 
A|,3U VIA LEHOiLAH QH NUN«ZLRU UH StROBb.) 

FhC UOB 

FNU3LKL 

1 /7l 


v4,mo 

N COKTACT 3EN3E (240IT ISDIATLD INHVl MEGi 

C3 

JUbHCEH 

1 UV//S 


14,1111 

9LN3bS U«2A»«BVDC QH }20VAC INPUTS] 

N CONTACT SbNSf C24Q1T ISOLATED INPUT REGf 

C3i*l 


1 Q6/7S 



SENBtS STATE OF SbPlbS S^ITC^ES) 






INPUT HLCI9TER 24*01? 

J47D 

KlHbTlC SvSIEnS 

1 /7l 

1 aj 

I«iU12 

INPUT fltCISTfcP (24B1T) 

PH 3C4 

STnd ENblNtbHlNL 

1 //4 


14(1114 

INPUT RECiaiER (24 ENPUTa. « STNuQEi 
DPTICALLV ISULATED) 

IH-2 

JUtHLtH 

1 //« 

III} 

14,1114 

BALANCED Input PP.GXSTEH nITH AUQHESSlNt* 

3*20 

KlNbTlC SiSltHS 

1 //'i 

1 #) 

Iflilklb 

PARALLEL INPUT fltGlSTfiR (ZXtftSlli TtU) 

2S12 

bl KA srSitHS 

1 //4 


t4,tl|6 

DUAL input REG1STER(2X16Q1T>LAH & STPOUt 

PR 161Q SbflltS 

ULL"tLLIUl T 

t //4 


14| Iil7 

I/P A DATA*R£AD«STRQbE 0/P FlR CMAKNtU 
CANAL UNTERh, ]/PfS VIA SChNITT *RUGERS 
:/P FILTER RESPUNSE lUStC TO lony 

PH Ibll 





DUAL 16 BIT INPUT REUISTEH 
(TTL LEVELSi CEHn SPECS 0?2) 

21R 2002 

StN 

1 /72 


14, me 

DUAL 16 Oil INPUT REGlSTLR(iXr STRUOL UR 
OATAhAV CONHAND stores DATAflTL LEVELS] 

2th 2010 

StN 

t /70 


14,1119 

DUAL INPUT R6G1S1ER (isaiT) 

PH bDl 

air.0 CNblNEEMlNG 

1 /7J 


u,tizo 

OlttlTAL INPUT t2Xj6&lT FLOATING INPUT) 

C 76451«AS*AJ 

SIEMENS 

1 /74 

1 »> 

14,1121 

DUAL 24 OIT PAHALLEL iNPUt RtGiS I EH C 1 TL ) 

2422 

bl HA- Svsi EKS 

I //J 


i4,ii^a 

DUAL 24 BIT INPUT PEOlStLR 
(TTL* HAND5MAKE) 

Hl-224 

LGaU/UHTEC 

t 

1 //2 


14,1124 

DUAL input nEGtSTERCZX?4QlT.LAH h StPOOF 
1/P & DATA-REaD-SIROOe 0/p per CnaNNEU 

PH 2400 SEhEES 

UEL-£LLtmT 

I //J 


14.U24 

CAOAL UNTERn, I/PIS VIA SCHHlTt TRIUGEPS 

pw 2401 


1 //4 



J/P ULTEH RESPUN5E lUSEt TU JONS 
(SANE BUT nITh TaISTEP PAIR INPUTS) 

PH 2402 - . 


1 //4 



(SANt BUT NiTH UPTICAL ISOLATIuN INPUT* 
LUCIL 1 s ^>V OR 12PA} , 

PH 2404 


1 774 



DUAL input RLlfISTEFr (?x2dBtTfI/P 
TfL* FULL LAHr OUTPUT 9TKUHES) 

220 

hrttC 

1 774 


14,1|2S 

TNPur NtGlStER C2K24ltZ1* 3 NUDES OF DATA 
ENTFtT, LED OISPLAV) 

IK 

JULHUt-H 

I /72 

1 7J 

14,1126 

DUAL PaHALLEL input HEG19TERf2X24B [T ^iXT 
LOAD HL0UE3T*.4 OPEN HODtS/TTL LEVELS) 

bOA 

JJHxAl 

1 770 


14,1127 

24*Un UUAL PAHALLEL IN^UT RCCISIEH 
(A HAS LU«^* H has U^TERHINATEU iNPul) 

904IA/V041B 

NyCL, ENTERPRISES 

1 /72 

1 n 

14,1126 

PANAULL INPUT NEGI51ER (2X24 UlTSI 

. J H£ 10 

StHLUHhtKUth ' 

r 7/4 

1 7) 

14,1129 

DUAL 24 elT Parallel input rluistlh 

HH-604 

STNU LNUlNttHlNb 

1 7/2 


14,1140 


t»ji» uto BiSPLAV oPtjn«) 


220 


NC designation St SHORT DATA 

TYt'E 

MANUFACTURER 

WIDTH 

DEUV. 

NPR 

REF, No. 

C pLiiLU BL&rt2l2At)IT,StK,UM(N&,LUGlC 

fil1»^15b f>OS/'^ttir4Tl«*|hGe 3D«fA H00b!>) 

C**lL-4fl 

»t»/LL LLt>UHUf<|« 

1 

//5 

114} 

twill'll 

H UUiD ?4 alf IKHUI H£(*lSTtJt (4x24^ *UH\Jm 
D4tf Ti«4»*ilPLUt 3 t?AT4 EhTKY HUPES) 

UlK 

JUIH61M 

1 

Ok/Zb 

U4) 

|4,1)J2 

ODffMbH HUpultS ALSU HaRkFTEU BY Slb**ENS 


5ILMLNS 





digital input RL&lSTLn* LxUNNiL BIHUttt 
CAAt^bll INPUt LAIC*4£5# UatllT 5tl LAX) 
(SA«L rtITH PAMjtL Cl^NNLCTUit) 

UU 200»20iJ4 
D(] 200«22U4 

DUHhltR 

1 

I 

//3 

//3 



1 23 Terminated Signal Input Registers (Coino. Latch, Pattern etc.) 





12 BIT PAHALLLL iNPuT REGIStt^T ('•!*'> 

2i6l 

m Hi STSitHs 

1 

//3 



STritiHLP INPUT PtCiSTFP (12BIT CUlNL ANP 
latch, nIM LtVtlS^PATTEP*- ANO Ux^tQ APPL3 

SIR 2026 

sen 

1 

//o 


u.ms 

UBtT D£SCP]HI*iAT(lR*CQl'iCIPENCL HLGlSTtR 

2352 

Bl HA SYSItHS 

2 

01//5 


KlUJr 

PAST COiNCIDLNCt tPTCH(tBHl1 fPtSEP 1/P# 
HtN S NSEC 91PuBb«St(iNAL LVbHLAP] 

64 

junnat 

1 


1 11 

I4.1UD 

ib (ULP PCR [16 UlSt:R« CUHHUh 3THUbt» 
»/QHV TNHrSHULDf fast SUHMINC UUTPuTa) 

234GB 

LHa«LtCHt}Y 

2 

n\ 

t tl) 


16*CH CtllNClPFntCE RtUlSTftt (btKObC [/P« 
2NS Uv^HLAPiFAST SUM OyP AND LL£aH|NIH) 

2J41S 

LNS*LLCNlJY 

1 

n\ 

t 41 

14)1140 

N 16 Channel strobed CUINCIOLNCL (16 CUlNC 
INPUTS, CUtNC A LA» (lljTPuT, IONS HESQUi) 

CAM 

METMIHpea, 

2 

y/4 


l4,lll) 

PATTLkn UNIT 

[16 INDJV MH INPiJlSrCU'^^JN NlM [.AT£> 

021 

NUCL, ENttRPPlStS 

2 

a\ 

1 bl 

i4,H4a 

Fast input register 

tASSLHaiES 16S1F mQRUS FPUH [L2 INPUTS} 

9Q63 

NUCLi LNfbRPHlStS 

1 

/74 


14|114J 

Pattern UNmibBjt,i/p stuuuld h]t»« 
COMMUS LAlLtIO NSeC LVbKLAPrNlx lCVElS) 

t toi 

RPT 

2 

n\ 


14,IJ44 

16 hit PiTttRN unn CNI« I/P and GATtJ 

J PU 10 

scmluhulrulm 

1 

m 


14,Uib 

pattern unit 16 BIT U6 INDIVIDUAL NtM 
]NPUTS»C[)HH0N nix CATii QERN SPECS 02|) 

ISP 200/ 

SLN 

2 

//o 


|4,U46 

16 BIT PATTERN UNIT (CLRN 071» 16 I'lDlV 
NIM iNPUTSfCUHNUN NtH GAT|,LtO DISPLAV) 

16P 204/ 

SEN 

1 

//2 

nil 

14,1147 

COINLIptNCE HfcClS?tR/LATCH (16 C^lNNtU 

C» 116 

STNO tNDlNbtHlNG 

t 

//4 


14,U4S 

COZNClDfc-NCE R£GISTER/LATCH (16 CnANHEL) 

CH 216 

3INU bNLlNliLRING 

3 

//4 


14,tl4S 

CUINCIDENCE REGISTER (]6 CHjCUKHuN GATE^ 
HTN UVEHLAP 2N9«DQUBLE PULSE RESUL LONS) 

CH«600L 

STNO LN61NEER1NG 

1 

//4 

Hill 

I4,ub0 

COINCIDENCE LATCH (24 Mh [NPUT3 nlTH 
CaxHUN STROeir ext RtSETf 2N9LC UVLRLAK} 

CL24 

EG4C/UKTEC 

2 



14,llbl 

N parallel INPUT REGISTER (Z^BIT) 

CAM 2,Qb 

HEtKlKMtX 

1 

//4 


14,ltilZ 

COINCIOLNCE REGISTEH/LATCH (24 CHANNEL) 

CR 224 

STnO bNLlNLLHlNG 

1 

//4 


14, ltt>3 

CUINLIOENCE BUFFLR (2Xl2BlT,UNt STRUBE 
PER UBlTSfHjM 2NS QVEHLAPfNlH INPUTS} 

C2L2 

EG4frU/URTLC 

2 

n\ 


14,1194 

124 Manual Input Modules (Word Generators, Parameter Units) 





PAflANtTfcR UNIT 12 BIT CPRllVIOFS 12 BH 
COPHUNKATIONiPuSh QUTTUN L-REUUEST) 

P £o05 

StN 

1 

/70 


14,lltb 

MANUAL INPUT NtClSTEN (INPUTS A HANU-SET 
16*U1! fWQi manual ANQ tLLCTR LAM l/P) 

1041 

BCJKLO 

I 

y/3 

< «} 

14,i]bb 

24 BIT PARAHtTtR UNIT 

2501 

HI MA STSItMS 

1 

y?3 


l«,llb7 

cURD lifcNLRATOH (24dlT hURD 
hanUALLT set at SnlTChES) 

"G 2401 

GEL-bLLlUU 

I 

//I 


14,1198 

DATA shITChES 

U6/S4 BITSiREAOabLE ♦ CUNTbNT iUOR) 

C 322 

INFURhaIFa 

1 

/?a 


14,1190 

N MA.<UAL InRuT/UUTPuT (TEar, unit PMOVtOtS 
MANUAL data input 1 VISUAL DATA UUTPgT) 

Ml/U 

JUtkGtH 

1 

OB/76 


14,>>b0 

MANUAL iNPuT/auTMuT NECiSTfR (24 PPS, 
St^I'CH t/P * lam, 34 led OyP RLGlSTtN) 

201 

JUM«>AT 

1 

/74 

Ull 

I4,l.lbt 

t 24-tin manual input 
N 24-nBlT manual JNPuT 

J46D 

34A1 

ftlNLTlC SYSTEMS 

a 

1 

/73 

y/6 


14,|tOZ 

hURU GEN(-'4A10N (2d hlTS UF binary data, 
switch SLLtUtD) 

V020 

NULL, tNILkHKiata 

1 

/7l 

t 2) 

14,1199 

24 Ml! »»IJRD CtNt.‘<AiaM f«ITM LAH 

n<iM»24 1 

SIND bNGINbtMlNG 

i 

/73 


14,1194 



MC DESIGNATION 8t SHORT DATA 

TYPE 

MANUFACTUHEB 

WIDTH 

DELIV. 

NPR 

REF. No 

MANUAL MiblSTFH <FUUK tb RIT t<URU9) 


fULUN 

J 

4/4 


14, IIP!) 

PArtAMETi.H UNIT CUUAQ A-ULCAOl bCU 
PAHA^IbUMS HANUiUUV ^bT> 

02Z 

NUCL, ENTEKMkXbES 

4 

//I 

1 *) 

14,11011 

PAQAr^bTER Uh|T (UUAD 4 DFCADt tlCU 
PAKAHLTfcRS HihUAt.LV »ET) 

L loa 

RUT 

4 

//I 


14,UP7 

127 Othar Parallel Input Modules (Incl. Lam and Status Registers, 

see 232 for Lam Grader) 

?A«mT Interrupt PbuisfLH 
(HIATUS CQ^PA^CD»CHAhGL GlVtjf UA^) 

lott 

hUREM 

1 

//a 

1 J> 

14|UDb 

PRIUMJTV INPUT KtCCSrfnC|2aiTS UKbD TU 
LAHfFAST CUlhC LATCH APPL«HA!>K HLG1S1£H) 

t£ 

JUR*AT 

2 

//o 


|A,iibg 

IMPUr KL&X5TtR (12 UiT, UR£D TU LAH^ 
CQlNClOfchtt LATCH iPPLt MIH INPUTS) 

t)t) 

J<JMhAT 

1 

/74 


14^11/0 

h ihtbNRUPT flCQUtST RI(*lSTiU 

CAH 

HLlRinPEA 

1 

tri 


lA|tl71 

{Ifi INPUTS, ANT thPuT GIVES LAN) 







U iNTbMhUPT RpaufST RLGISTER CB CHANNELS) 

0bOb 

NULL, (.NltKPRtSES 

b 


114) 

14^1172 

[hTLRRUPT KbQUEST RELISTER 

EC SU 

NUCL, bNTEHPhlStS 

1 



14,1173 

LAH HbOUbST REClSTbrt (IR HU) 

iOO 

PULUN 

1 

/74 


14, U74 

IhTtKNUPT ALAftH REClSTtR 

CIS bUa. INUIVIGUALLY HASKAdLt) 

J IH IG 

SCHLUH8ERGLR 

1 

/74 

IHJ 

ia(lt/b 

bA LINE SURVLYUk (AINGLt QP CUnTInuUUS 
SURVtv CvCLiSi 3 survey h(jqlS) 

64Li) 20a? 

SEN 

J 


1 9) 

14,117b 

ISOLATED Interrupt GArE{i6uu«*i;> for 
i;<2A UH AHVitftA AUH USVAC VbKSlUN) 

A3C J02* 

ST'iU bNGlNELKJNG 

1 

tn 


14,117/ 

iNTtKRUPT gate CibbZTfCUNTACr LLUSUHt } 

AlC J03C 

STNU bNLINLLMINL 

1 

y/4 


14,1178 

ISOLAtEP interrupt RiGISTERCl6fill,*flP 
AUH 12/EA UR 46VDC**>A FUR llbVAC > 

AIR JOS* 

SIND ENGlNEtAlNG 

1 

//4 


14,1170 

iNTbkPuPT REMSTERUbBITtCUTACT LLUSURb) 

AIR JOSC 

BTND bHblNELRING 

1 



|4,llB0 

IwtEHHuPT GATE t?40m 

IG JOA 

STNU tNGJNlbKiNC ' 

1 

fn 


14,11»1 

DUAL IhTERfluPT GATE t?4BIT) 

IG 004 

STNU ENLIREEKING 

I 

//4 


l4,Lua 

INTERRUPT RESISTLM (UBIT) 

IR Q\2 

SINU ENGlNELAlNb 

1 

/74 


l4,|tt]J 

interrupt register UtiBIT) 

IN QU 


1 

//4 



INTERRUPT RECldTE'A (SAUIT} 

IN 044 


1 

/7A 



InTENRUPT RLGlSTbR (SABIT) 

|H J04 

STnU thUINEbHlhU 

1 

nt 


1A|U84 

STATUS Interrupt (zauu^i/pglaichalahs 
HA aH,GRUUP&SEL«LAH«TEST/VAR|L(JLlC6ULViL) 

C-St*2A 

■tNlEL ELEAlHUNItt 

1 

fn 

112) 

l4,LlHb 

1 3 Digital Output Modules •— Serial; 

Clocks, Timers, 





Pulse Generators, Parallel; TTL Output, Drivers 





t31 Serial Putput Modules (Clocks, Timers, Pulse GEN) 





PREStt SC4LLM (CEvtt, ON PL^SE tBilh U/P, 
DURATIurt SET Bf COHHANDiStHGkt t <4EEtAU 

P^R 0801 

GEC*iLLUJTT 

1 

fi6 


l4,nHb 

II CLtlCn PULSfc GtNtHATCH UO FlI A t PBCI* 

CAM ti,01 

HETWINPtX 

1 

y/j 


14,1187 

GHA"l1AutE 0/P, IM, IMHl, L«t, HAX S«hl) 







w SCALtB.tlHtB [4»2 aBM, [fit, IHKi CHVSTAL 

CAM fr,02 

hltrihplx 

2 

/;j 


14,Utlb 

USClLLAruh, RtSULUTIUN UlHI] 







CBYSTAt. CLUCK GEnEHAToB (7 tTL LlulPUTS 
FDH IHZ lU 1 »h£ MILGUEIiCT OBCAUtS} 

fHC IJOJ 

FKUSLKb 

1 

/71 

1 t) 

|4,ua0 

CHYS*AL CUNSRULLEft BULSt GtNLHAtum? Dt' 
CACLS-lnZ TU IBMZ.SOGNS BULStii UUT,nL) 

PG 4001 

CfC*<ELLlUM 


/71 


14,1190 

RtAU T{HE cluck 

(4StC CLUtR/buStC 5>up -ATCmJ 

C JZO 

1K>URHATEN 


//a 


14*1191 

CLUCK CENLBAfOB Cl'iT 10«hZ, EXI bOHHl, 

8 OLCAOt SfEPJ,PLUS BH|JCBA»iMAei,E UUTPuT} 

CG 

JUERGEM 


7/2 

1 7) 

14,U9Z 

GAUU cluck tlOBliZ TU (hZ, !*iT.tXt 

21/ 

JUWmAT 


//4 

111) 

14,U9J 

cluck, arKCHBunuus uatiug} 







ClUtK PULSt ntHtBXtOB (7 OuTBUTS-lMZ TU 
IHHZ-ln UECAOE SUPS.)«HBZ txt In.TTl) 

rotv*i 

NULL, ENTERHklSES 


/70 


14,1104 

CLUCK GLuLfiATaBtlLtthi, (iiMZ, EXT )0>'"Z, 
; UtCAUtS IwZ.lHi-z rtL U/P.bustc «IUlr<) 

TJOA- • . ■ 

PULUN 

1 

UH 


|4*liUb 

CLULK PUuSt (.tl*tBiTUB(7 UtCAOt5-)HZ TO 
IfnZ.bOC BSfC PULSES OUT, TTL AND M") 

C 1U9 

kUT 


//I 


14|UOb 

1 mZ . 1 KkZ quaktZ Cluck (7 U7B • WZ 
tu IHMZ.PGC TO apo libec ■>tOln,irL LtVFD 

J HL 10 

SChluHULNUEh 


m 


14,119/ 


222 


NC DEStG^ATION fit SHORT DATA 

TVPE 

MAMUFACTURER 

WIDTH 

OELIV. 

NPR 

No 

^UAK^vCLUCit »1 Th ? TlHLtt FoNCtIUsS 

C 7r»4b|«A14>A2 

s:t'*E*i5 

1 

//? 


Id.iiva 

CA*lAC«ClUtK«GE»<LRt10fl (7 DLCADfci^-lfiH«i^ TU 
lH£«bO/bOO NSfcC 0/P HUL5lSr3«dV/aO UHMSl 

C-CG-IO 

• E=<CFL ELtKrriuNlA 

1 

f/l 


)d,nv9 

CLI3LH/TlMetf (0,40(9 lU (Q |(hE 

lN1kHV4LtMHLaU^*DAY UUTPUT) 

wu 

KUNEH 

1 

m 

1 ■>> 

tA,)2oO 

REAL TihE CLOCXi tXVfc r|NE INTtSKiTim^ 
PRE9bT IlHtk 

kCGia 

egag/ukiel 

t 



14,12D1 

NEAL Tint CLOCK (COUNTS ,] SEC TU 999 
DAVSr DtSPlAYS hRs/H 1N/SEC» bO/bUH£ CiEN3 

urc 

■IUEnGEM 

2 

m 

t /) 

ia,I202 

N MiTCHDPU TlHtN t^UNXTQffS SY3TEH AClIvUV 
GtNbAATtS lUDtU 11,**)^ i CnMTAtl CLUiiUNE} 

NT 

JUEHGtR 

I OH//b 

114) 

1A,12DS 

nlal t]he cluck 

90b4 

hUCL, LMEHPHlSbS 

1 


(IB) 

Id, 1204 

NEAL TtHL CLOCK (^,8 ttSbC TO JS,2 hMS, 
PRESLTaTIHE ANO PQEStT^CUU^T HUdbS} 

RIC SDld 

SEN 

■1 . 

m 


1A.I205 

IhTtHVAL riHER/KATCMUQG (100UStC-30Q3CC 
InTLNVAL,- 1 9tC^»|00 9EC TtHbUUT} 

EC 9S4 

3ENS1UN 

1 

iTA 

(U) 

14,l2Qb 

REAL TIH( CLOCK (PRESEt CCUNTEH, PMiSLT 
TtHEH 9,6VI3EC TO 16,2 HPS, ELAP3L T]H£) 

WTC OIB 

STNU LNGINttRlNO 

1 

tlA 

(li) 

14|I2Q7 

otAD time counter 

szos 

BI MA SYSIEHy 

1 

t?A 


ld,UOH 

TtMbK hUOuLC 

Jbbb 

k]nET;C SYSTEMS 

\ 

/rs 


M.t2C9 

TIKE BASE CIO TU lOO^HZ IR IHCNEhENTS Uf 
USED KtTM TO S03I/TD ZOAl) 

TB 3QSE 

SEN 

1 

n\ 


Id,iSlO 

TlNEH fMIN lUSECiOVF FfinM CUUN1E«*»PPI) 

C 7b4BL-AU«il 

SltHENS 

s 

/73 

1 B> 

14,12U 

T£SI PULSE CENERATUR C9 TU &0 N9EC NJM 
U/P PUL^E DXPtVEO FRUM Sl,r(3fi] UR EXT) 

TPG 0202 

GLC-ELLXU'I< 

1 

/7| 


H,1212 

TEST PifLSE GENERATOR CNIM PWLSE PAIflj 

215 , 

JUHrAT 

J 

//b 


ia,|2iJ 

6 Channel delav generaior (delat q id 99 

TIMES CLOCK, delays CA9CADABLEJ 

220 

JUHmAT 

1 

tlA 

lU) 

lA«T2ld 

N 9ERIAL UUTPUT REGlSTtR U2/lb/24 BIT, 
aCALER OR SHIFT R£G, TRT, (OOMZ A tRR2) 

CAM 2,11 

METHIMptX 

\ 

//3 


Id,l2lb 

DUAL PRUGRaHHEO PULSE SEnEKATOKCOOMZ/ 
2KH£/bHiiZ PULSE TRAIN, LEHC1H 6Y CQMHARD) 

2PPG 20)8 

SEn 

I 

tf\ 


L4,I2LS 

132 Paralie) Output Registers (TTU HTU NIM etCi) 





optical ISOLATEt] quTH^T REGISTER 

i*PJ 

«1 HA SYSTEHS 

1 

iiA 


td,I217 

1? B|T parallel UUTPUT REGISTER (NIH) 

S251 

Ht MA STSIEMS 

1 

/73 



IS BIT parallel output HEGlSTtK CB]T 
ADDRESSABLE r RIM LEVELS OR PULSES) 

C 34S 

iNhuRHATiK 

1 

/7J 


Ld,I219 

12 BIT OUTPUT HEU]STER(OC UR PULSE U/P# 
UPDATING STROBE OUTPUT, RSH LEVELS) 


jUHnAY 

1 

/7l 

c a 

Ld,1220 

OUTPUT REGISTER C138IT, RIM PULSES UH 
levels OUT) 

OH 2027 

SEN 

1 

/7D- 


Id, 1221 

OUTPUT REGISTER (I2B1T) 

Pk J12 

SThU bNblNEERlNG 

1 

/73 


id, 1222 

OlfFLREMlAL OUTPUT HfGlSTLH 

3090 

HlNE'TlC STSTEHS 

1 

m 

l 0) 

id^l22S 

OUTPUT RECISIEB U? CHANNEL) 

UH 612 

STnU LNUlNbERlNG 

1 

//J 


ld,122d 

OUTPUT REGISTER CpABlT TTL VIA SPEC CONN 
Bull ALSU VIA FRONT PANEL LSMU) . 

FHC U09 

FHlEStKE 

i 



ld,122S 

N Parallel output register 

C24BIT, OUTPUT nIth CiHAC STAhUAHD) 

CAM 2,t2«J 

METHIMpt* 

! 

/7S 


14,]2Z6 

OUTPUT REGISTER (JJA HtT, |6 «A 5V UUT ). 

9600A' 

NUCL, ENTtRPkiSES 

0 


U4) 

14^1227 


UUTPJT HEC1S1ER ( 2<lBIT ,UPTO«COuPlEH, 7HA ) 

9609 

NUCL^ ENTERPRISES 

U 


U3) 

U,t22U 

OUTPUT HEGISTEH 

(24BIT kUROi TTL n/P Via J7«nAT LONn) 

-Jhl 

PULUN 

1 

f/i 


Id, 1229 

UUlPUT RECtSTtR t24BiT> 

PH JJ4 

STNU tNG3NLEk|NG 

1 

//j 


id, 12J0 

PARALLEL OUTPUT MEG, [2dhn ,NtG/UPT POS 
TILfAOJ, DUBArtUN&LEVELid TIHlhD HyptS) 

C •lie -34 

»En£EL. ELtKTHuNlA . 

1 ■- 

//J 

CIO) 

Ld,l2Jl 

OUlU 16 HIT PARALLEL uUTHUT HEBISltH(TTU) 

3212 

Bl HA SrStEHS 

i- 

tn 


H, 1232 

DUAL tS RIT OUTPUT REGISTER CStLLCTAbLE 
U/P stages Oh PLUGAHLE PC« FP CUNkECTOH) 

2UR 20bl 

Sf N 

X 


1 9) 

tdftZJJ 

DUAL 24 BIT Parallel niirpuT REutsrER 

i272 

bl MA STS iCuS 

i 

>7i 


td.ujd 

OUTPUT hEGlSTEH (2X24BIT DATA UUt,DATA« 
HEADY 4 HUSY FORM HANDSHAKEr HLJ 

Ru-224 

egag/uktll 

i 

tft 


l«,L23b 


NC DESIGNATION & SHORT DATA TYPE 


uuTPat hegisiep (?ica<0t> <i« tJ» 

uEB OISP!.*’') 

24>bll UtllL UUTVKT MtCtSTEH 

DUAL I'ulPUT HtUtiITtH (zx;*4bll> 904J1 

REitl ibD xBItE, HlbDbHlHE CUXIKM4.I lEt«Z) 

CS***E but rtl-EJ 9Q4JB 

PlXAtLEE OJTRUf BEGI&TEM I2t2i bltSl J X3 19 

DUAL 24 bit RAMIlLH. UUTPUt WKiibTtK Prt*6IZ 

(-1th Lin BISPUV liPTlUb) 

OIGITIU UUtPUT HEeisrtH (AAbbIt PABALl bU 2DO-2bUl 

UUTPUl HlilSrtBfhn L,tTL,lsHj 

(h]|H PKUhl •'AhEL *|1M<LC1UKI UU 20D«2711| 

(hUDlUt »1I" ONI* lUDlC BUIHU) l)U 2B0-2S0* 

OIOllAL UUTPUT REtlStEfl (4J4BH PAHALIEL DU H6D*abUS 

QUPTPUt NEOISIER. NIL tSV) 

(SAHl hITM FRONT FANIL CONNICTUU) OU aODha/Ob 

(SAME, NO F,F, CUNNltlDH, INVENIIND) OU 2DO»2!lOlJ 

(SAMI hITH FRONT panel CHNNLCIIJB) DO SDO«a/06 

digital output SEOISIER (4ABBIT PARALLtL C'J 200-2697 

nUPTFur NtSlSTlR* NIL 24V) 

(SAUL nIT" front panel COMNECTUH) OU 200-2707 

tSA«E, NO P,P, CQnNEOTOR, iNVEimNE) DU 200-2!)0(» 

(SAhb -111* front panel CUNnILTUK) SU 200-2700 

DDRNIFH NODULES AL01> haRkETEO UT SltNENS 

N SUtU 24 blT OUTFVT RLCISTER <4X24, nAND- DOR 
SHAXt DATA transfer, prod, U/P POlAHlTV} 

)2B Btl OUTPUT RlctStER (ADDRESSABLE aB C 442 

8 IBB,, OR J2B I-BIT -DRDS) 


wtamufacturer 

WIDTH 

DEUV. 

NPR 

BEF. No, 

JtibMCittt 


in 

( 7) 

14,1248 

*»ULL, tMLKKH|lit& 


if2 

( 7J 

14,1247 

b^■TtM»«F^lSLa 



( 7J 

|4,124B 




t 7) 


acHLiji^utHutK 


ns 

[ 7) 

14,1240 



nx 

1 87 

14,1240 

UUXMtK 


nx 


14,1241 



tn 




1 

n\ 



Du^hltH . . 


/;j 


14,1242 







{ 

in 





//i 



ItUMtJltH 


//3 


14,1244 


1 

ns 





ns 





ns 







14,1244 


1 

CVi7f> 

t|4) 

14,1248 

I,e<^U«HATt« 

*1 1 

ns 


14.1246 


133 Parallel Output Drivers (Open Coll., Relay etc.) 



trial auTPU’ .RfcBl3t£“ 

(8 BITS, 2 iNPB, ZERO vULTAOE S-ITCHInD} 

LT 

jutactN 

t 

in 

(14) 

14,1247 

u 

12 BIT Out' ut REIiISTER (RELAY CUNTACTS, 
SLLECTIVE 4ET/tLtAH LAM OfcHEHATIUN) 

240 

jONMiiy 

1 

//a 


14,tS4« 


8 cranhei tines tuiac CDIPUT 

4040 

Kih^raC ST3TLHS 

2 

/74 

(14) 

14,1248 


8 BlI TRIAD OUTPUT REGISTER 

ioao 

KtnkTiC SVSILHS 


ns 


14,1288 


tO-UIT OUTPUT REGISTER (-ITH OMTICAL 
13DLA1 (Un,UPLN coll U/P, NAX 40V/100HA] 

JObS 

HiShTIC SfSTtHS 




14,1281 

- 

12-BlT OUTPUT RLGlStbq HlTN ISULATED 
BELAY 


KJ^tTlC SVSTfHS 

t 

ni 

t 4) 

14,1282 


9RIYLR (leBlTtOPLN CULLECTUR OUIFOT VI* 
«ULTl»At COBNteTOR,«AX 15DNA7LINLJ 

9002 

hUCLt thTbH»fKlQE3 . 


n\ 


14,1284 


UuTPUT REGISTER 

460 

POtUN 


ns 


14,1284 


(ISBIT, 48V/, 054 MAX, 2J47-AAT U/P LUNN) 

OUTPUT register 

460i. 



ns 




(14BIT,280V/,1A NAX, 2X47-MAY 07P CONN) 
(3ANL, 25V71A MAX) 

360a 



ns 




IB-BIT (lUlPUT register USOLATLO RELAY 
CBRtACTS X LATCnBACR INPUT) 




OA 


14,1298 


R£U‘t DRIVER (18 -AY RELAY UUTPUf) 

J HO to 

SCNLUHBbHbtN 


ns 

1 R) 

14,1286 


PARALttL UUTPUT RtGISTLR (leUIT KEEU Rt» 
LiY,Nix SMITCNLU PNR lO-.A TIHING MODES) 

C«UK*lb 

bLtxTt<urflx 


m 

(ID) 

14,1287 

N 

parallel UoTPuT REGISTER (EXblT, OUTPUT 
MllM UHLN collector, ext, 40V/100NA) 


MtT«Z*'2EX 


ns 


14,1288 


PaMallEL UUIPOT BfGlSTtR (2481’. OUTPUT, 
MlT“ OPEN collector, til.) 

tAH 2,|2c2 

HtlKJHHfeX 


ns 


14,1288 


driver 124B1I OUTPUT REGISTEhiSEl ANp 
READ BY command, 24B1I 1/M DAU ACCfcPtLD) 

9017 

hUCb* 6NtbHK«4lStg 


nx 

( 1) 

14,1280 


OUTPUT REGISTER (?4 8]T, A® ma 40V OuT) 

oboott 

NULL, tMttJKhlifcS 

0 


(14) 

14,1261 


(SA«E INVERTED OUTPUTS) 

ybOQC 


U 


114} 



,lUtM<JI nEGlSiER (?4 bit, 1 AMP bov UUI) 

Vfiflt 

HULL, tNltut^ktSiS 

D 


(14) 

14,1262 


(SAME -ITM Relay cONtACts, nui cunllft) 

0662A 


0 


(14) 



(SAME -ITN HELAT CnN!ACT5,FHtE CONTACTS) 

96020 


b 


11 J) 



OUTPUT MKGlSTtR (2X 18BI T ,0MlN LUlLLCTOM) 

loa-4 

UtjMtH 

1 

in 


14,1264 


iiuTFUT DRtVLR(2xt6BI1 ,48Ni SlNxING, )cLU, 
□ ATaaaY mead a HKttEjLAM I/P,St« 08 E Cl/R) 

UU t6lJ 

CbL*LLLlUII 

t 

in 

nz 


14,1264 


(Sane, I=H1) 

ilt> tB)4 


1 




OjTNOI DB1VEM(2I16|1|I,12SMA 5IN41NU, IBLIJ 
DATA-AY MtAD L "RITtiLAh 17F,S1ROBL U/P) 

OU IbW 

titC^tULlOTl 

i 

m 

m 


14,1286 


[SANt, l=Hl) 

up tbta 


X 





I 


1 


I 


> 


1 . l: { 


DEStGNATJOrt a SHORT DATA 

TYPE 

MANUFACTUnER 

WIDTH 

DEUV. NPR 

REP. No 

(JUT^JT 0RlybH(2Il^ntT,r0TtHHitLL#Jd LltAiiS 
tUTiNAV MbAD K •^oiUrCAM |/P«3T^UbE 0/H) 

UU .1620 

GtC-ELLlUTI 

1 

//2 

14,l200 

SX16 Ua 4Ha BIT UuTPliT HtttlBTfh 

J M3 SO 

SCMliiMBERUEh 


/74 m; 

14,120/ 

Ouik 16 dlT UuTPuT WtcJSUK Oil ^LvLlSj 
OPEN Outputs vt« cabled 

20K 2000 

SEN 

i 

770 

14,1200 

□UAL Output uRivtn czqoua siNRt‘*L(24V) 

' 2UK SoblKi 

SEN 

1 

1 y) 

14,12011 

□uAL OirTPUT DRlVtfl {^1 Vi)LTlOE Drtlvt») 

2uR 20blKV 

SEN 

1 

1 u) 

14,12/0 

QlClTiL OUTPUT Jttv? 

C /64&1«AVi*A4 

SIEMENS 

1 

773 t OJ 

14,12/1 

OUTPUT HLUISTbP (p}a6B11 VIA UULAIlfiG 
CONTACTS) 

1032 

BUMtM 

1 

7/2 t 4) 

14,1371! 

CIQIIAL OUTPUT (2Xt&UIT HEUAYS] 

c 

SIEMENS 


/7J CO) 

14,1273 

PARALLEL.»t^UTPuT*t«eiiT^T|P (DUAL 2dalT, UR 
OUAO ISBlTiQPbR COLLbCTOR OUTPUT; 

MS FU 1 I2S0/1 

*tu-ltLEFuN4EN 


/7U (1) 

14,12/4 

parallel-output PEfrlSttR C3AUIT# tlPF^ 
CtiLLtCtUR CUtPUTj HA^BBHAVb fALlLlTY) 

MS PU Z 1230/1 

ALG-TbUE^UNMEN 

1 

//2 t 4) 

14, I27i 

output ORXvbPCZX24Blr«AO*4A 52RK(N0| VbLU» 
DATA>^AY RLAD 1 4HtTEfLA*« I/Pf$|RUnb U/P} 

UD 2403 

CEC-ELLXUIT 

1 

7/Z 

7/2 

14,12/0 

{3a*« 6, i»Hi) 

OD 2404 




OUTPUT 041VEPC3R2ABII « 12&HA IbL^) 

DAUi^AY IfbAO & ^RlTifLA^ T/P^BTRUbL U/P) 

UU 2407 

LtL-ELUOlT 

1 

772 

14,1277 

(S.A«b, |«Hn . 

UD 2A0B 



7/2 


OUTPUT DPtVERt2X24BtT|TuTEtiPULfc»iO LU^US 
DaTAkav reap t Hfi|Tt,LA« r/Pr3THUBE 0/P; 

UD 2410 

OEC-bLLlOjT 


7/2 

14,1270 

DUAL OUTPUT ttEGlSrefl <2X24317, OH£^ CULL 
0/Pf FULL LAM| Output aTROpta; 

200-2 

KTTtC 


7/3 

14|U/U 

OUTPUT Hb&lStEP {2X2dBlT OR 6XBB|.T< 
2B9HA SlUKlUfi, diode CLAHPbD) 

UN-I 

JUfcKfitK 

1 

77-* 

14| 120U 

DUAL 24 317 OUTPUT HtGlSTEPCOC UK PULSE 
0/P»UPOATINC 0/P STRU9r »TTL UPfcK COU3 

40 

JUR-AT 

1 

7/1 K 

14.L201 

DUAL 24 BIT OUTPUT RbGtSTER {DC uH PuL&E 
t)/P UPDATING, 300HA OlOOb ILA*«PEU) 

40-2 

JUMmAT 

1 

7/4 

14,l2u2 

DUAL 24pbl7 OUTPUT HECtSTEP CULL 

0R|YER3< PAX 24V QR 2SDPAf REAM OUTPUTS) 

3072 

FlNbTlC aVSTbMS 



14,|£b3 

digital output register C4XBBIT PARALLEL 

output KEClSTER#NO LjOPEN COLL U/P j l«ht ) 

Oij 200*2302 

DUXNIEK 


772 

772 

14,1204 

{SAHE «1TH FRONT PANEL CONNECTUR, liHt) 

OJ 200*2702 


1 


tIAKb, NO P,P, connector, 1«LU) 

OU 200*2603 



772 


iSAht »il7H.f,P, CONNECTUft, 1»LU) 

OU 200*2703 



772 


DIGITAL OUTPUT REGISTER wITk REED RELAYS 

OU 200*230d 

U«JMN|bK 


771 

14,1200 

(4X3B1T UUTPUT REGiQPEN CUNTXCTsO) 
(nITh front Panel connector) 

QU 200*2704 


1 

7/1 


DURNUR modules ALSU M^j^KETEU BY SlEHENS 


SIEMENS 



14,1200 


14 Digital I/O, Peripheral and Instrumentation interfacing modules — Serial 
.and Parallel I/O Regs, Printer-, Tape-, DVM-, Plotter- 
and Analyser Interfaces, Step-Motor Drivers, Supply CTR, Displays 


141 Serrallnput/Output ModulsB (General Purpose) 





SbHl.L E'vl'krT/OUTPur HEGISTEN lOBl! CUQbP 

9003 

NuCLi ENTtKPHtSbS 

1 

7/4 

UJJ 

14,1207 

142 Parallel I/O Registers (General Purpose) 






N universal XNPUT/UUTPUT REGISTEH iZXlOBlT 

INPUT, ixUbit Output, relays urUunal) 

103ll . . 

BUMtM 

I 

U7/.7S 


14,i2ati 

K Input RtLAY AUAPJER t24Btt l/P RbLAT 
CUILS, tl/p TO cam 2,05/Ca« 2,09) 

CAM 0,02-1 

FbrKlMptX 

. 2 . 

7/S 



N UUTMUt mELAY adapter (S4BIT, ]/P kELAV 
gOtuS 1u Cam 2.,i 2«W RELAY CUNTAtTS L/H) 

CAM 0,02-2 

ME iHlMPtR 

2 

7/S 


14,1290 

N OPfUlSULATUK (24 INPUTS, UUTPuTs- «4V (Jt 
CONhtCILD ro CiM 2,i)0/cAM 2,09 

CAM ti,0U'‘l 

ME TMIKPLX 

a 

774 


|4,l2vl 

C universal InPuT/UuTFuT REGTSTEk 

9000 

NULL, LNltMKMjSLS 

1 

01 7/S 


|4,12U2 

10 till jNPuT/OuTHut NtCISTEK (U/h SfAGtS 
ON.^LoGAatE PC# >-P CUNMI-CTUR) • 

lUK 2033 

Sb-H 

i 

7/4 

UtJ 

14,1293 

1NPLT/0U7FUT RfGISTEM (24 bPS 12 

filTa Uul, OPTlCAt.LT tOuPLEO) 

lUM-t 

JUfc'KlitM 

1 

7/4 

(in 

14,1294 

JNFUT/OUTPOr RtGiStEM ,C24H3t> 

lU 302 

31 NU ENUlNbbnlNG 

i 

a2//s 


14,1295 

INHUl/UUTPuT PEGlsrEM (24B]T, lN(tG*ATtU 

210 

Ml (be 

i 

0/775 


14,U90 


JVPUT, UcTPiiF FuLU 


OK soon. QUAIJK 


225 


NC DESIGNATION & SHORT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DELIV. 

Hpn 

REF. No 

|NPU1/UUTt*uT NtiiOtEN ltl> PuS t 

tOCU, (1/P SINKIHR h«] 

904Q 

KUCti* 

i 



14,129/ 

DuiL ispul sun uuTPur (t|cis(E>< lumti 
TTl, Ih, OPEN tUEL TIL UUT, Hi* iUHA,JOVl 

CilD 

wl>T 

1 

ni 


t4,)2Pb 

IHPUT/JUTPUT HE(il8IEH{2*SA01T IH,2«18BlT 
QUTi ] EHtRT hDDE3i its DIEPLiT) 

IMwl 

JUtNtitH 

1 

772 

1 o 

14,1/99 

OUrlEH SfUAE/RESIETEH ( JSISisn c Itn 
EXTEIUiaI iOSKESSINS TiCtLITV) 

(Sake, Jz* 24B1T> AtTKOut E*T asuh) 
(SAKE) J2*l691Ti kIThUUT EIT ASUh} 

10^ 

too 

to) 

hVTtC 

X 

1 



14,1300 

BUEEER 3TUnE/REClSTEK (J2*|E9tT| AITH 
EKTERNAL ASSHESSluG hAClLUr} 

{SAPE, tt*2ABlTi without £*T APUM) 
tSAHt, ie*|SBITr WITHOUT EXT APDK) 

XOb 

102 

XQi 

HTTtC 

1 

1 

/JZ 

//s 


14,1301 

143 Peripheral Interfacing Modules (For TTY, Tape etc.) 





ofca* CALCULATOR CTRL CBIEhl IHIEHFACE TO 
FHC 1301/02/11 APS fHC 1309) 

FHC 13JS 

(-mtSLAt. 

1 

//2 


14, 1302 

INTERfACL FOR ASItj3 TTYtSEHlAL SATA LIK* 

6711 

&l Hk SrSIbHS 


/74 


14,1303 

TELETTPE 0/P CTRL <10 FhC 1301/02/11 A«B 
FHC 1309 VIA SPEC CflRR,TTT HUIUH DR/Om 

FHC 1307 

fditStXF 

1 

771 


14, 1304 

TELtlTPE INTERFACE 

SO 

JUrtnAY 

: 2 

7/1 


14,1300 

H SERIAL ORIVEB/fltCElvEll (TTT» TTX A WOOEH 
INTtfiFACEi V2A CeiTT SIAWOARD) 

CAN 3,0^ 

HbfKIMHtX 

1 

//b 


14,130b 

IELETTPEwKITEB INTERFacE(170 data TRANS! 
AND CDNTRQLfLAH USED AS ThDwwaT FLAP] 

7061^1 

MiiCti tNItkMUiSbS 


/70 

[ u 

14,1307 

teletype interface (For *sr 33i ssr i/O) 

bOO 

PULUh 

1 

//a 


14,1JDB 

terrinal driver 

J Tr 2D 

SCfiLUHtttNbbK 

1 

in 

III) 

|4,1309 

TELtTVPt Or CRT INTEMFACE 

TCU lOD 

STM) tN&IH6thSN(r 

1 

47A 


14,1310 

VenSitEC LINE PRINTER INTERFACE 

iJ20 

KINtTtC STSTbHS 

t 

7/2 


14,1311 

iNTEliPAClNS OUTPUT UNtT(SBIT DATA, CONTR 
t STATUS REPS, fur FACIT SPI INTERFACE) 

3Pl/ACCtPTUK 

AK3YCUH 


ilA 

U2) 

14,1312 

PAPER TAPE PUNCH INTERFACE, COUPLES TO 
FACIT .AOFD, DATA OTNaHicS , RACAL PIGISTUKE 

TP 0^01 

CtC*bMpiUtT 

1 

017/b 

[ 1) 

14,1311 

interfacing INFUT UNIT (SSIT SATA/STATUS 
t CONTR REGS, FOR FACIT SPl INIERFACEl 

api/auuNct 

AHSYCvH 

1 

if A 

tU) 

14,1314 

paper tape reader interface (CUUPLES tu 

LlNMdDD, TREND, t RACAL OIPISTURE) 

TK QBOl 

(rEC>tl,LlUU 

1 

01//S 

1 1) 

|4,13li] 

MAGNETIC Tape interface 

(TARE decks OR CASSETTES) 

ca 0042 

NuCLi bNTtMPnifitS 


//J 

t 8) 

14,1310 

CASSETTE INTERFACE (READS t WHITES BT B 
DR tOBIT wOrOB, eSIT LAH REG) CUNTHOLS** 
CASSETTE DRIVER FOR t CASSETTE 
cassette driver for 2 CASSETTES 

J Ck 10 

C CA to 
c CK n 

aCHLUHUtPbbH 

1 

7/b 

77b 

77b 

UR] 

Ui) 

(U) 

14,1317 

PORrASLE CASSETTE ORIVERCFiJR 1 CASSETTE) 

P CK 10 

3CHLUHStF(bth . . 


77b 


14,13IB 

DISK DRIVE FOR CDSwllO 
INTERFACE FDR DISK pH|VE 

9J70 

9J7C 

HUtLi LHTLHPPtSia 

HA 

U 


U3J 

(13) 

14,1319 

universal ASTnCHRONUUS 
TRANSHlTTER/RECElVER (129 CHAR, DUFFER) 

C Jt7 

SSFURHATiR . 

1 

77J 


14,1320 

peripheral READER(8BIT PARALLEL UATA |U, 
NEC OR POS TTL, handshake CUNTRULS) 


AUCUi tNTtftPNiacs 

* 

7/1 

[ 1) 

14,1321 

PERIPHERAL DRIVER (SUIT DATA OuTjNEG DM 
POS TTl, handshake CONTROLS) ■ 

;o&a*t 

NUCL, CNIbMPHiStS 


771 

( 1) 

|4,1322 

144 Display Modules, Display and Plotter Interfacing 





24 BIT LED SCD DISPLAY 

(ONE FHC 1301/02/U VIA SPEC CONNECTOR) 

FHC 130S 

FNUSbXt 


771 

t 1) 

14,1323 

24 BIT NIXIE SCO DISPLAY (SELECTS ONE UF 
ID FHC 1301/02/11 VIA SPEC CUNNECTION) 

F«C 13 OB 

- FfiltStKL 


771 

t 1) 

14,1324 

24 HIT led BINaRT OIGPLAT (ONE Fhc 1313 
DR FHC 1309 VIA SPECIAL COKHtCTlUN) 

FHC 131S 

FKUSLKt 


772 


14,1320 

H display unit (BCHXIOLH CRT, INPU15- . X,T* 
*K*SV, Zw SV) 

CAH 3,01 

HtJHiHpei 

12 

in 


14,1320 

N DISPLAY DRIVER (FDR CAN 3,01) 

CAM 3,02 

MtTKlHPt* 

A 

Hi 


14,132/ 

N 24 alt DECIHAL DISPLAV 

(6 SThbULS 0,1, ,,, ,,9,4,0, ..,,F) 

CAH 3, OB 

HtrXjHPLX 


HA 


1 4, 1326 
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NC DESIGKATtON & SHORT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DEUV, 

NPR 

REF, No, 

DEClntL (liafLlV UNIT (^hUOESS 4XU !) um 
BEC*BfS • HULtlPlItH OlSPLtVEO) 

boor 

NUCLt ENttRHNiSES 

HA 

2 

//I 

/?t 


la.ISZD 

atSHUkf CEUtHULEEn CEuR ROCi’j iNCUUPh 3 
elN TO UECINEE CUtlUERrER} 

9000 






CULUUH DJSPEAV IHTEHFfkCE 

9062 

NUCt, enterprises 

hk 

Di//9 

lUJ 

IF, USD 

EITEK)<AE OiaPLAf FOR J Ea 10 EEALER 

C lib 10 

5C"LUHbERGER 

HA 

//3 



SEALER DISPLAY TflRLIUOH CtIHPUTEH 
(DISPLAY OF PAUIT «OHD( JaMHE) 

J AP lb 

aCnLUMuERUEH 

2 

n\ 


M.iSJ* 

MANUAL HtNARr DISPLAY (CONTENT UF A 
HEOlSTtR OiaPLAYEO,SXT NULTInAY CONN) 

J AP ?0 

SCHLUMbERUEH 

1 

n\ 


I4,UUU 

ERAPiilC DISPLAY DRIVER PliH NPIJII/TLaEOA 

A30t 

til HA SYSTEMS 

1 

HA 


|F,1JJA 

DCAPnIC DISPLAY DRIVER PUR STURALt 
DISPLAY TEK a02 

AJOIA 

bl HA StSTEHS 

2 

HA 


I«,1SID 

intehact(VE erapmics display PRULESSUR 

DP ttl}3 

GECmElLIUIT 

4 

09//b 


K.tSJE 

ize CHARACTERS! 9X7 DOT HATRIA) A SKESi 

DP 1603A 


it 




YECTURStAPCStCIRCLES IN THREE LINE TYPES 

light pen E tracker hall INPOTSi JZ CUNf 
TRO l INStROcTIOHS, SUILT in a* store j 

DP 160JU 


2 




CRT DECIHal display system (IHCLUDlNS) 


JUNrAI 

HA 

/71 

1 ZI 

tF,lIS7 

DISPLAY DRIVER 

7^k 


b 




DISPLAY DYJTEH CUHPBISINd 


MlNtric systlms 


H\ 

1 A) 

IF.lSib 

DISPLAY SYNCHRUNIZINS 

3299 


1 

H\ 



(COhPATIBLE hith odhZ sza line RunITORS) 
DISPLAY SYNCmRONIZINO 

33CGt 


1 

HA 

az) 


(cohPaiible HiTM aoMZ tja line honiturs) 
display TlMINS 

3209 


1 

H\ 



display COritHEL 

3210 


1 

//I 



DISPLAY REFRESH (ALPhANOHERIC t ONaPhS] 

3212 


1 

/71 



DUAL light pen INTERPACE 

322b 


1 

/7Z 



N PHOIiMAMHAOLE display system 

3232 


4 

lU/7b 



COLOR MONtrOR 

hgb Dzao H 






stoRase display driver 

3260 


. 1 

/72 



DISPLAY DRIVER (TnD (Obit DACfUUTPUT 
RAKSE «SV TO aOViltlU CPERlTlON MODES) 

7011*2 

NUCL) ENIEHRRISES 

2 

• 77D 

( i> 

H.ISSG 

SYORASE oSCtLLDSCQPb (DRIVER FUN 
YEKlHDNlY 511 DR SDltUSED HlIH 70U) 

992U 

NULL, Enterprises 

1 

H\ 

i ai 

U,ll40 

SCOPE display driver 

3 OD 10 

SCHLUMbERGEH 

2 

Hi 

I FJ 

14(1141 

MANUAL CONTROL OF J DO ID 

HC )0 


NA 




SCOPE display driver Y-Y.Z (SYStEH) 

FDU 2912 

SEN 

1 

Hi 

1 I) 

l4,tJ<Z 

STdBaDE display driver FDR TEKTHUmIa an 

3PQ 2plS 


1 

nx 

1 >} 


UR 501 

character generator 

CG 29ia 


1 

H\ 

1 1 ) 


VECTOR GENERATOR 

Vb 202B 


t 

H\ 

1 1) 


LIGHT pen for FDD ZolZ UU CG ZOltl 

bP 2-i3b 



//t 



N LIGHT REN (INCLUDES TrIGUEH SHITlh) 

{Ci97 

SEnSIun 




I4,1I4J 

». LIGHT PEN PROCESSOR 

ICJ96 


1 

Hb 



N Plotter driver 

dah J«d3 

MtlNlHPtX 

3 

Hi 


14,IJ44 

(ZAlOSn, *,Y out *5- Z.bHV) 







Plotter driver 

4 AY to 

SChluhuERUEH 

1 

Hi 

( a) 

I4,IJ4D 

N x«T RECORDER DRIVER 

ir 2D7A 

SEN 

1 


UP) 

14,1145 

145 Instrumentation Interfacing Modules (DVM, Supply CTR, Stepping Motor Drivers, 


Pulse Analyser CTR) 







'' DUAL IS channel serial OllTHOI HUuuLb 

3L01 

61 »ih svsibr^s 

2 

tfi 


14.1J47 

(STEPPER HOTOR CONTROLLER! TTL) 







STEP MOlOR DRIVER (MAX 3276S STEPS, RATE, 
ROTATIDN AND START/STOP FULLY COHHANDEU) 

U6l 


1 

nt 

l •») 

|4,|lAb 

stepping putur controller a driver 

(ADUUSIADLE ACCEL/DECELiTIHE I MAX FrEU) 

SHC 


1 

HA 

(IJJ 

14,1S4U 

STEPPING MUTUR CTINTRULLERi DUAL 

3369 

Metric 6TStEHb 

1 

m 

1 A) 

14 (USD 

stepping N'noR CUNTRulLER, ACCtLtHAlINU 

3361 

*i^tnc staitHS 

I 

Hi 


K.tsai 

STEPPING MOTOR DRIVEH 

J CP 20 


1 

H4 

t V) 

14,iUbZ 

Supply FOR j CP ZD 

C APP 10 



HA 



■■’NtlNtlOUi CTEPPEP CUNTBllL (5S5J6 STEPS, 

C*-5T"d 

nttiiL tLtntMUHlR 

2 

ift 


14,lHlJ 

■ ITtCN/DSHteT./SPEEO/lCCELtR, LONrHOll 







i yEmenTal stepper LONfROLtbbbSb SItPS, 
P05IT1 UN/DIB£cT,/SPEED/accELER, cUNTRnLl 

t-ST*d.-J 

tLtAThuhlK 

2 

m 


I4,ua4 

VlRlAOLt pulse duration TRIAL OUTPUT 
MODULE 

3701 

HI Hi SYBEL^S 

z 

HA 


14,Ubb 

TRIAL OUTPUT REGISTER 

(G BITS, Z AMPS, ZERO VCILTACt SmITChInG) 

LT 

JvtMGLH 

1 

HA 

(U) 

14,1JED 
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NC OESIBNATtON Et SHORT DATA 

TYPE 

iwANUFAcTunen 

WIDTH 

DEUV, 

NPR 

REF. No, 

!iuP>>LV CUMKULttM 

JlDd 

Metric sT5rt*'3 

1 

//J 


U.ISSF 

C*n*C-Ui»5Cll’P iNTttiFiCt 


(}) K4 StSIEHS 

Z 

//J 


|4,ISSB 

I^nMFtCE naQcst><ii;S 

HULticm*<Nei. »h«i,v2tNs 

EJtlD 

LAatN 

J 


tiz) 

I4.1SS9 

ADCaClxJtl JNTLUF«tt (Ftia PuUSt OPl^t 

sji#,aju,"2i?,«u! » t.g-f azpo) 

bv|u 

LArtN 

1 


tu) 

1«,ISUU 

NULT^ChAlv^tL FT*itV£tN w CJLPAC t^TFHFACt 
(FUH PtCKtRO 9000 faU 900 illiXIOO »C2) 

«701 

PACAAhU 

J 


I ■») 

UrlSOl 

STxOnHa ru btCJIlL CaxVbAtLR 
(Sixuvc F'lO Hu|,1].TUHx CAFFMlLiTlbS) 

&DC 

■fUtKUEH 

Z 

tn 

tU) 


CU2L SVNC>*HU<iUt01TllL CaxVkttTbH ClOtllT) 

CD 0047 

NUCL, ENTtrtMMlStS 

z 

tn 


t4,IJBS 

SU4t J«I,(i6*'£nTAL PtiSlTlOX ENCLpfch {2KJ0 
BIT F>Y DIStTIZlTICN ev UP>OUFN CUUXTbRI 

<*EPL 2D1D 

SEN 

1. 

/n 


K.tsea 

:«TEHF*Cfc FUS r-EiSURIXC OEVICE3 

(DUIL INPUT FUN 2 INStNUNEfatd ) 

DU 4!0D*tA)S 

DUMNlbR 

l 

//A 

au) 

t<)', UdS 

OUTPUT KEUlOttH tl6 UH SO HIT ITL UPlOtP 
FOP F*ST-PnUTtNB PULtlPEFJEH ST5TtN> 

Cm o6b 

J AND P 

1 

fiX 


IP, ISOS 

PULOE UURATtUN DLPDUUUlTUII 


Al%tTIC STSlfcMS 

1 

ns 


14,ISI>/ 

PtuMajctiN s£*n flut TtawiNFU 

J PL ID/PUDDlNL 

SCmlOMMEHUEm 

1 

A/I 

t UJ 

I4,lSbl> 

PlUHbICCN RLJkO UUT (!) ECtLEPii KLUOHO 
OlBlTlEbD OUTPUTS FRLH PuUHlllCUN .CJTn£H« J 
SPANK CNANBEN BEAD JUT : 

J PM lO/PLUM 
J SC IQ 

SC^UUMBbUCbM 

i 

2. 

n\ 

V/H 

t p> 

|P,lJOS 

N INTEUFACE for digital PRlJCESSlNO SCOPES 
nPIOSI, pFSOSI t nPEOSE 


lEKTNU^lA 

0 



M.ISFO 

icc/cANAc interface (For -ant AuCtZAisRiT 
0/F Suffer, status, LAN handl>cluck tinej 

CtAl*2 

^ENilEL tLtflTRUNlri 

i 

ns 

(|U) 

(•llS/t 

N isolated on-off controller Fur leUEVICES 

!> CUNTHOL'LlNES/DEV,, l-S£C-FAlLUNt«TFSt ) 

C^PC-16 

pbNjEL ELbMf^UN]A 

t 

00/73 

(Mi 

1«,1STS 

147 Other Digital I/O Modules (Incl. Data Links) 





C«H4C DATA tltfK MQDulL 

(16 tlir PAfiAULUf ASt^tHRUNOUS DAU LI'JK) 

6701 

B1 HA STSTtna 

2 

4iS 


14,1S/J 

BlTvyr^CtiRQNlttK ■ HARDnAflb PRliUklMAKtl 
D TU lOV 1»JPUT( PCH«B!D4AL BbK|L3 

DU Z00p32E| 

UUHNXER 

J 

US 



FOHHAT«BVNChHON! 2CR (IDb^T & D/P DATA 

riORDSi SOFTp ( riiROxJiRe. PRUSI'AHMAdtE ) 

DU 2DOP2260 

DUHNltH 

A 

us 


U.U76 

CQHHUhXCAtlQh l^TLRFACL (V2d/V^i/v2t 

HQDEH interface mXTH AUTUpDUu UVTtllN? 

DU 20Q«2RU 

DUMNitH 

t 

US 

tiO) 

|4,lS/6 

STAtlTpSTD^ CUNTRUUtHfaTARTjStLlF r^tSET f 
MANUAL UR OAtAHAT CO^TRULi IOOh^ CUUCk) 

FnC 1304 

FHIESEKE 

1 

u\ 

i ir 

14.1SF/ 

N COHHUhICAtIUN interface 
N CUHHUMCATIUn INIERP^ACf »/ 

i340 

3340B 

AlNtUC STSIEM5 

1 

1 

//a 

//a 


14,1370 

h SERIAL DRKER/RECeiVLS CTIT, TTX A mqolK 
interface# Vi4 CClTl ST^ANOAHD) 

CAM 3i’Q4 

hETHImr^x 

1 

//& 


14,1SF9 

SERIAL Interface (V2a spec# quad version 

VARIADlE THAnSHISSIUN RATES) 

4CAE 

NUCL« EnTEUPHISES 

t 

us 

US] 

I4,ISH0 

N SERIAL Interface 
Cv:arIaule transmissiun mate) 

0046 

NUCL# ENTEHHHlStS 

I 

Dy//& 



STAHTaStim UNIT (START# STHF CUULK AND 
CATE UUtPUTS) 

J AK 10 

SCHbUHbEHLtK 

1 

u\ 


14,131!* 

POUR FULP BUST DUNE (START SIDNAL 
initiated BT COHHANDrOEVlCL HtUJHNb LAH) 

AND 3C21 

SEN 

I 



J«,lSaJ 

^ DATA TRANSHI5SSIUN MUpULE (ED^D TO 

03S0 

- SENSIUN 

1 

/rb 


1»,LSB4 


STNC/*S:y»JCr V8dr USI tilTM OiZfr} 

15 Digital Handling and Processing Modules — and/or/nor Gates, 
Fan-Outs, Digital Level and Code Converters, Buffers, 

Delays, Arithm. Processors etc. 

151 Fan-Outs, and/or/not-Gates 


FAN-UUT UNIT (2 IIREO INPUTS KUDvIDt B 
TRUE<2 CUHPLEH DU1^V‘S«N1H SIGNALS) 

Hi OoDl 

UfcC«ELLlUTl 

! //a 


t4»l3ei> 

. Nl ^ UNOUT (DUAL FllUM ' fold t CUHPLEMeNt , 
NJM U»IVtW, -J4HA INII1 bOUHHS) 

- .FUN 

jUtKbEH 

i //j 


14,140b 

C TTL FANUUf (DUAL FUUK fQ(.U & CUMHUEHfcN}, 

ttl Driver# djha cuhnem sjnnj 

ful 

JoL«*GtH 

1 f'i 

(14) 

14,1307 
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NC DESIGNATION & SHORT DATA 

TYPE 

MAWUFACTUHER 

WIDTH 

DEUV" 

NPR 

REF. Ho 

hi" FAhUUl (7*UHfce IhPUIS, U 0/P»J! tuHI'L 
0/P blTbU FSU" OiTiatV] 

ZIP 


1 

ffb 



FAh UUT HUPubt (H.2 1/l’f Hi HZ U/P> 

«PbO 

h\iU^ thUHHUlittb 

\ 

ffi 



StxrUlP CnNTSUI.LtP bAtt (JhUlV UArihGi 
FAh-t" AND FAN..UUT CUUTPPUtP b« A PfaS) 

SCO zot/ 

St^ 

( 


1 A) 

HfUVO 

FA9T UOPIC UMJT (AXA ht" inputs) 

FLU ZP6Z 

SEN 

1 


UZJ 

14|LJV1 

152 Digital Love! Converters 






6 ChAllhtI, rTl/nt" CVhVEPTCP 

bdot 

bl 5VSILHS 

1 

//3 



6 CHAhhEL ni"/TTu COhvEBTEB 

bfaOE 

m HA Srsitrts 

1 




C HEP pahVERTEP ("i" TO TTL LEVELE 
PLUS T*U COHPLtWtNT OUTPUTS) 

Chf 

JUtHGtM 

t 

ffS 

U*) 


C ME* CQHVtPTES (TTl Tu ht« LtvEtS 
PUUS T"U COMPLt"EWT OUTPUTS) 

Cth 

JutHGhH ■ 

1 ■ 

/fi 

UA) 

i«,uy5 

Ht* ILt TO ILE CUhvbUTtP 

?0S2*-t 

HUV.U, tWTtHMfflStS 

1 

n\i 


UpU9(> 


(6 trt SI(i>Ul.S |h,Ci hiH SICNILS UUT) 


1 53 Cade Converters 


DECIMAL input p nunpEPS 
3 PtPtTS COPE cdnvERIER 
(SAME BUT 3 nuMBERS) 

Ul) 2ftO«S005 
PU 200*2666 

OUHNItH 

2 

2 

//4 

/74 


K,13V7 

CAHAC BCP»TO>ainARV tOnvERTER 


LlbtNnAhh 

1 



|A,U«B 

CAHIC BlnABViTUiBoO COnVERTER 
«TH DECIMAL DISPLAY 


ElSbNHANN 

1 



KtlJVR 

GRAY CODE TO BCD ConvERTER 
(DUAL eMANKEL IhPuT "IT" HEMUHV) 

LIM 

jatWGLH 

1 

//* 


14,|4»0 

BINARY CODE COnVERTEMCBl»"BCU UN UCD-Blh 
CONVERSIUn, DATA FRO" OATakAY UR FROnt) 

void 

KUCL, LNTLKKRlbtS 

1 


t n 

l«,14Vl 

BINARY TU DECIMAL CODE CONVERTER 
(24 BIT BINARY TU B DECADE) 

610 

PULUN 

1 

7/4 


14,I4UZ 

BCD TO BINANY CONVERTER (EDBIT BCD TO 
24B1T binary, CONV time 32B NSEC) 

CD 001 

BIND th6lNLL»tir*[f 

1 

f7i 

UZ) 

IA.14D3 

BINARY TO BED CONVERTER (CDNV TIME A2B 
NSEC,£4BITS TD MA* lE77/2t6"l BDU CUDEB) 

CO 002 

STND LNSINLLRIHG 

1 

//J 

(IZ) 

14,1404 

BINARY TU BCD"C0NV£RTERC24BtT TO B PtC*" 
OE,DI8PIAT,COHV 4USEC,TTL LEVEL UUT,i»M) 

C"BbC*24 

■iLNjEt bLLKTHur-lK 

2 

//I 


to, t40S 

1 54 Buffer Memofiss, Storage Units 






PNQUKAX 9TOR£/RtClST^a C2S0X24Hn HAH « 
6At24Bn LKT usg f*lTH 702S»2J 
CSlHi HUT nlTwOUt EOIT HUH) 

(lAHb BUT NO SUFFER AND HQ AUDF) 

UOA 

uo 

112 

HYTtC 

1 

1 

1 

//J 


I4,t40<> 

USA kiOHO 24 BIT STATXC*9IUKt (NURHAL 
BYTt HUD&S, CUtAK-f HtAO^ t. 

QVEfi"RlTE UN ADPHESS REG A»t FEHhCiHH£(>) 
(5AHt MITH HEMURV ACCpBSS ALSU ARUM FHQ>vT 
FANfclr, HASTiR/BLAvi UPfRAT|UN) 

130 

131 

HfTtC 

L 

2 

0/7/ti 

Oo/zti 


I4,14U7 

lO^CADt ADC S S6-r<AT <PHES£r Xl»AlD 

AHPLr 16X24 3TUH&, lOOU&LC/CH UFDAU) 
C3ANE AS bOO«l but «1TH S*l^AY HUl) 

C9AHE hut UINARV ADC} 

C8AHE AS bOJ HUT m|Tm 8*^AV hux) 
tSAHt, BUT AHPL Cain can 0£ SM AND 
STUR90 INUIVIDUAEtY/CHANNEL^ UCU/diN] 

600*1 

602 

601 

&03 

SIO 

nYlfcC 

1 

1 

t 

1 

’4 

7/4 

//A 

/A4 

/74 

//4 


ia,L4UB 

25ft «*bRU FIFO BUFFtR {24 b|TS P£H -URDJ 

3H41 

AtNtm STBTLHS . ' 

1 - 

ObV/6 

iij) 

14,140V 

204H«nDRD 16 SIT STUHl 

9061 

AUCth, tNUrtPklStS 

2 


(IV) 

14,1410 

4U96 HUflO 16 BIT ST*JH£ 

90610 

NUCt« LNTcriPMlStS 

2 

06/76 


14,1411 

256 hURUS QF 24 en STUHt HUUtJU 

CD OOlb 

KUCL, LKTtHHklSLS 

1 

m 

C /) 

|4, 141? 

FRuGHAuHiHt^E R£AU CINLV HLnUKY {i2 <sUnDH« 

1 ft LUAObD tir SDL&EH CS^NbCIlUNS) 

221 ■ 

PULl‘N 

t 

. 03//6 


14,14)3 

buffer HfHUWY 

(266 16H1T HOROSt liSt HITM J CAN 2|/C/H) 

J HI 20 

SCnLU^btHUbH 

1 

tii 


14,1414 

CAHAC CURL HiHUHY HUP4H.6 (2R t le BIT) 
- (4K A 16 BIT) 

(OH A 16 HID 
<2K X 24 HID 
{4A t 24 HU) 

.HH 2LbC 
. MM.dleC 
MH H16C 

HM ^S*4C 

Hh 4Z4C 

3TNp LNblNLLKlhC 

3 

J 
J 
• J 
J 

//4 

//4 

//4 

//a 

//4 

IIZ) 

CIZ) 

IIZ) 

liz) 

IIZ) 

14,14|B 

aPECTRiJH hENORV 

>61«4b&J/C.D 


1 

//b 


14,1410 


ORIGIMH PAGE IS 
GE POOR QUALHY 
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NC OESIGMATION&SHOaT DATA TYPE WlANUPACTimER WIDTH DEUV, NPH REF, No. 


155 Logic ond Arithmetic Processing Modules 


F1.U*T|WD PUIHT IwlTwHETtC iNttkhsCt 
(MJM U3t fIIn m X2ti hiko, FLUi|» ^■JE^T} 

C JET 


1 

//J 


>P,14)7 

Ft FtlCHufMUEbSSna FFUDULT (FLM FAST ISST, VT 

OJ'Jb 

at^iiiuN 

1 

/Jb 


14,14|l> 

SFtCltl INTtXPtCES FTC, flOBD 







c 96 C« 1 AK, DKIFT CHiHUtR TOC (,bUS/LJti 

2//0 

l.HS»LtCHUr 

z 

0tj/?b 

lUl 

UIV 

F,S|, e Mil, no PEEP auFFtN, PIPE t/PT 

ua CHiFi, HttPC EttCUPLH CPECElVtH, UELJtT, 

2/^0 


z 


IIJJ 



L^rCH, t>iCUDt.it, ao HIT DUFFEH, DlTT lyP) 

1 6 Analogue Modnles — ADC, DAC, Multiplexers, Amplifiers, 
Linear Gates, Discriminators etc. 


161 Analogue Input Modules {DC and Pulse ADC, TDC) 


Ji CHlHFlLL 4r)»t»l5 P»TE 5VSTE>* 

bJOl 

bi MA DYSItHS 

2 

y/4 


)4«t420 

(EXPt>t01Sl,E ttCTH tDPlTIUHtL >UI HUDULLS) 







Ft */F CDilVEHTEH 

C4H 


1 

//A 


14,1421 

tUilUG INPUT (DU«L SLUPE FfiCl FF«| 6 F 

ar>iGE, i4atrs/i6vFSicF>,t,zEEC cuNYtasipFi) 

DU 

pUkNUH 

) 

y /2 


14,1422 

«>I1||.UCUE TO P1GIT4I. IFtTEFTEb (oITH Pt,UP> 
tX CUXVEPTER CtRpS tOC/BQ, 4PC/itlll AttP 
AOC/tlQ FUR Bt 10 AXP 12 BIT CURVERSIpN) 

ADC 129) 

CtC«iCUlU 1 T 

1 

//) 

\ U 

14,1423 

to CHAFtXEL, BCANNIFtG 1 /P CORVERTtR 

3910 

Kl^tnc 5YSltM9 

1 

y/4 


)4,1424 

Ft IXTESRltlxc i/Q COUVERTEP (lauUIEU 1/P 

CArt 4,oei»2 

MET()lMPiA 

3 

/74 


14,142b 

IXTEUR TIF«E ia/,la/,029i RAXGt ,01 • PV> 







IXUbRiTlXG IDC C12BIT, Ra'iSES 0 TU fpV, 

a tu .pv, aoHEEt conversion ti«e) 

J09 

t'OLU^t 

1 

//3 


|4«142t) 

VBLTIOE - FfiEOUEFtcV COVVERTtR 

J 10 


2 

y/3 


14,1427 

(USED HITM mulTIPLEVEPS J h» 







UP>PUHF| BCAeER/FREUUEfic* PEItP 

J tr 10 


1 

//3 



DUAL DIGIIAt VULIH^TER («AF,p* 0,IV, 
to BIT, OIFftRENTIAl IFtPUTl 

2DVH 2013 

st^ 

1 

/n 


|i||U 2 B 

PIG, VOLTHETEH (laRlI * SIGN, PItl.FHEE 
RlH<iES»AC/PC ,02V > 2 PV,PE &>T 0 dHA) 

C 7fid*)l*AlJ**l 

SILHtNS 

2 

//j 


l4rl42V 

PlGtllt VOLTHETEH (SlHE AS 
TVPE C /SA»1«A13»A1 "ITH OISPLAVJ^ 

C 7tAb\mklSt»k2 


2 

y/j 


14,1430 

amalug Inputs (huetipleiehhaul, 

e OlFF l/P,*/«10v range, FBITS/)0V*S1CFIJ 

Du 200 » 10 U 


2 

itz 


14,1431 

(SAME FOR •/•SV HAFtGL, 7BITS/SV4SIGF,} 

DU 200»1916 


2 

m 



(SAKE FUR >tOV HaficEf SSITS/IOV) 

DU 20O«>1019 


2 

y /2 



OOUNIER HUDULES ALSO HARfieieb BV SILHENS 


SJfc"£NS 




14,1432 

AFiALuc Input (aOC, f/pIOv kafjGE, 

DU 200 * 102 / 

DUH^UU 

2 

y/2 


14,1431 

TBITS/I0V4SICN1 

CBAHt FOR */psv Range, /bits/bv <sign] 

DU 200*1028 


2 

y /2 



CSAHE FOR 41 pv Range, BBITS/IOV] 

DU 200*1029 


2 

y /2 



ANALOGUE TO OICITAL CflHVE«TEH(BBITi I/P 
RANGE 0 TO tSV UR 0 To 45 V, 23 UBEC CONV) 

7028«T 


1 

//o 


14(1414 

itTCH SPEEP OIGITIZLR (SBITj tODNSEG, 
RESQUUTIUN, HITH 2SS wORO BUFFER) 

SA/U 01 

SIND 

1 

tlA 

U2J 

14,1435 

9U1L to BIT ANALOG TO PIGIIAL CONVERTER 

Jblb 

svs:rLNS 

1 

//3 


14(14lfr 

single lOBlT ANALOG TO PIGIIAL CUNVERTEH 

JbLOS 

KlHtnC 5»sit'*5 

1 

y/4 


14,1437 

DUAL APC CIOBIT, lOUSFC rONV TIME) 

A/0 210 

ST'tD tNUtf»ttWIMi 

2 

ojy/b 


14,1438 

PUAL SLUPE Ape t41Np4 0,0t/t/10V RaNCFS, 
iiBtt res0lutiuni2dhs conv riHb) 

1241 

BU'ftR 

2 

tn 

r 3j 

14,1439 

SUCCESS, APPRO! , ADC (allH StH, t/'EV UR 
0 TU 4 / 4 t 0 v, |OpRIT,20/1i uSLC ACCESS) 

1Z43/1243A 

titlKbR 

2 

nz 

l W) 

14,1440 

SUCCESS, APPHox, APC T*tTn S*m, 4/p3v uH 
0 TU 4/»lOV, tS-itlTjEJ/U USLC ALCLSS) 

1244/l2ddA 

euitbR 

2 

yyj 

( 9} 

14, 1441 

ANALOG INPUTS THULTIPuT lER-AUC, 

S DIPT t/P,,/4lOV range, ltBIT5/lUV4SIGN) 

UO 200 - 10 UJ 

DU><NItH 

2 

tCi. 


14,1442 

lSA“E FOR 4 /pSV range, ltttlTS/3v*SlGN) 

Du 200*10(10 


2 




(SAKE FUR 410V range, T2HlTS/tUV) 

DU 200*1009 


2 

/fZ 



ANALUG Input TaPL, */p10V range, 

DU 200*1024 

DUl'Nit.fl 

a 

Jf't 


14,1443 

f IBITS/lOVtSlGNl 

tSA »6 FUR 4/.3V Range, IIPIIS/ bVASIGN) 

OU 200-.)02b 


2 . 

y /2 



(SAHE TOR ,10v range, tBSIT.N/lOV) 

Du 200*1020. 


2 

trz 



OCTAL APC {axt'Rlt 4 OVF, POl INPUT, 

Auais 

t4sbU/U^fFb 

1 

03//9 

UJJ 

14,1444 


I »v RESDL, ca«"r!, stsnut, riSr tutiH) 


230 


■ ■ 1 


> 1 1 1 1 


I I f 


NC DESIGNATION a SHOHT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DELIV. 

NPR 

REF. No. 

]>DtCtnt ADC t 16'»«'V HUX ti'I’ESLI 

tbXSi! StOME., 100US(C/CK UPUilt) 
(S«Mt kb 9l)0>t nj1 KtTn E)«tT nat] 
CStHL «uT U1I.1HT iOCJ 
(5«nt iS btl UbT kITti s.Kiir HUIJ 
t6X«t, BUT *HPl S»IN CPN Dt 3tl *M) 
STUPtB !NUltriIIUtU.T/BH*NKE|., BCO/Hlh] 

bQQ*l 

b&i 

b93 

bts 

HVfbC 

1 

1 

1 

1 

2 

//J 

/7A 

//4 

//4 


M.144S 

IBaCnib'itk WO CJhVCPTEM 
{DlPPERtNTU,- **iPUTSt It HITS 4 btOhl 


JCiHGtK 

U 

//4 

UU 

l«,14d6 

N 4/0 CUhvBMTBH (tCCEPIB 4*Z0WA 

CUHHiWT INPUTS, 11 HITS) 

AN/I 

JtItHGtN 

2 

9977b 


>4,1447 

C 4/0 COBVEHTtR (tZtUTfHtX «0 U9tC CUhvtHa 
9100( 44RD>9V, tkRO'lOVt *IOV R4NSE9) 

JO 

JukmAV 

2 

7/t 

1 

>4, 144b 

16 CHlBhU 1/0 CURVtftTtH IFEI PUl DlFF 

iBPutSf iSBtt loro crcLiROf ouiu slupei 

J4 


2 

774 


14.J44tf 

OUIL 13 elT INILUO TU OIOITU CUhvLNTLP 


KI^tTiC STSttNS 

1 

77J 


>4tl4bV 

SlR(>l.e JSOtr lhll.00 TU DICITIL CUBVEPTER 

J920S 

Kl^LTiC STSTbhS 

1 

//a 


14,l4b| 

C tB9ULlTE0 loi: USBITS, 100 USECf IDxVi 
FULL SClUr 900V CCRxrih xOtiE) 

lAUt 2060 

Gtr« 

2 


114) 

>4|14b3 

DUll (DC (lEBITi 2BViibC CUMU TIRE) 

A/U 2\Z 

8T9t; tNblobiHlfrO 

2 

oj//b 


}4,14bS 

t OIOIIIL VOLTHETER (tO,9««HV TU 1V99,9V) 

906b 

hUCL, tNTtHPhlStb 

2 


(IJ) 

I4,l4b4 

DUIE IDC {tlBJTi S6U9EC CURV TIRE) 

A/0 \\t 

StNU b^m^bbNlNC 

1 

0J/7b 


I4,14t>S 

h 3UCCES, IPPRDX, la BIT IDC C«l<-lOVi bHS 
CONVERSlUh TIPEi INPUT PRDTECtJUN] 

oJSd 

StNSlUN 

2 

77b 


14,1456 

OCTAL charge digitizer CaXBBlT CHARGE 
9ENS1TIVE ADCi READOUT IN AXIOBlT xllROB) 

iiobob 

CC6(r/UkTtC 

1 


( /) 

14,1467 

UUAO FA9T GATED INTEGRATUR 

(CHARGE DIGITIZER, 4>10 BIT] 


iCbC/URTbL 

1 

7/4 

(IC) 

t4,14!lB 

OCTAL ADC CB PAST I/P,BBIT/GH> CUHHUN 
gate, nih levelo. bilinear hud£) 



1 

n\ 


|4*;4&e 

IS.CHANHEL ADC (13 PAST I/Pi UBIT/Ch, 
,39PC SCNBITIVITV, FAST CLEAR) 

2E49A 

LH3"LbCHDV 

3 

7/4 

( «1 

34,1460 

C I3»CHAN| FAST CDriV, ADC(A,9US/tl>»BIT,03> 
DEEP BUFFERS, I/OPS S'ENaITlV|TT,0-3iSP9) 

2S50 

Lnb-tvkOfUY 

1 

04/7b 

(IJ) 

14,1461 

|2>CHANHEL PEAK ADC (IDBIT/CH, h3V FULL 
SCALE, FAST CLEAR, CUHHUN GATE) 

SSbO 

tR&*bfcCNUY 

1 

02/7b 

(14) 

14,1462 

OCTAL ADC (HIN 9 NSEC PULSE9, PUB UR REG 

esir/iso PC refulutiun, S9d usec cunv) 

V04« 

MUCL, bNltKHHJSfS 

1 

7/2 

( 4) 

14,146J 

AhALUCuE TO digital CONVERTER 
(SONHI, 13 BITS! 

9060 

f4UCt, t*<TtkHMiaLS 

- 

7/4 

(10) 

14,1464 

16,000 Channel pulse adc (soohne cluck) 

J CAN £I 

SCHtUNUEMCLM 

6 

7/2 

1 6) 

14,1466 

1634 channel pulse ADC CIOOHHZ CLOCK) 

J CAN 40 

QCHLUNUbHbbM 

2 

/72 

( 6) 

|4,IA66 

fist ADCCtO A 13BIT VERSIUNSjHITR SAHPLE 
AND HDLO, CDNV TIRE 3U8EC/4,9USEC] 

FAST DUAL ADC (DATA A9 FOR 3667) 

fAOC S067 
2 >A0C 206b 

Sk** 

2 

2 


U3) 

(13) 

14,1467 

even! I1HEH(4.CHAnNEL' TIRE DIGITIZER, BB 
166PHZ .INT, CLOCK, LAN hHEH DUNE) 

2E0b 

UI HA StSTbHS 

1 

tfA, 


14,146b 

GUAD CARAC scaler C4A16BIT DR 3XJ3B1T, 
106HnZ) 

1C04A 

HUHtR 

1 

0t/7b 


14.1469 

TIHE digitizer (4X16BIT,90HHZ cluck, »I1n 
CENTRE finder, usable nITH PRE»ANP sn) 

lOOb 

bUHAH 

1 

772 


14,14/0 

TIRE DIGITIZER (4 NI" STOP CHANNELS, 
CUHHUN start, 300 PSECS RESULUTIUn) 

tOlOA 


1 


( /> 

U,14/l 

Octal toc (s*i ibit*Uvf, cohhun start, 
166P0EC RESDLUIIUN, fast CLEAR) 

Tpeit 

tC&b/UUUL 

1 

OJ//b 

(|4) 

14,14/2 

TINE DISIIIIER 

(6 CHANNELS, 16 BITS, )6D hhZ CLOCK RATE) 

TU 

JOEKCfcM 

1 

/74 

Ul) 

14,ld/j 

QUAD T1*<E-TD-0IGITAL CUNVEBIERtUBlI/CH, 
103/910NSEC RANGES, lJUSEC CUNVERS , hih) 

2226A 

CNb«LbCMUT 

1 

/iO 

( 3) 

14,14/4 

OCTAL t|“E-TO-01GITAL C0NVEHTEH(I6 BITVCh 
163/364/916 NSEC RANGES, FAST CLEAR) 


LN6*LbCHUy 

i 

774 

1 »J 

14,147b 

C 96 Chan, drift Chamber tdc (,sus/|DS 
F.s.r a BIT, 46 PEEP BUFFER. DIFF I/p) 
13S CHAN, HhPC encoder (RECEIVER, BLEAT, 
LATCH, encoder, S6 hit buffer, DlFF t/P) 

2770 

2720 

- l,M6«bbC»»aT 

2 . 

2 

0b/7b 

Ob//b 

(14) 

UJ) 

14,1476 

N A/D CONVERTER (MBIT t SIGN liR 13, CDNV 

C*H 4,0b 

tiblKlNHLx 

2 

/72 


14,34// 


T[xe iOMSECf Ht'iGE <&-bV, SbHJ 
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f 


1 I . i . .. 1 1 




I4C PH$IGNATION& SHORT DATA 


alKTEtN MJUn f I'll 

(lQ4“«i l»r CiUCH, 4«ll SCiltHS uSfS) 

TJ1L BHilUitnt^lKiaiTiCUlt* 

<<[TK Ct><tEX FtNBIxU LOblC) 

ll“t OlftHlitn C4«16ttIT,CLUC" Xilt 

Ltvtt.sj 

SLHUL Mxfc BtetTinK {b^enn )ou"»it 
3tn » 5t«UEXT mukt i-uot.SMji-IxXn: e*tl) 

UtTJl. IlMt TU 0Il.tT«L C'J^Vt«TLr^ 


8 c^'XNfL e an u/* tonvfRUf* <cuM»t>«T 
OR iJl,T4|iE DFRiSLI’" 4»*4I.UC «tTfeR 0«1VE(') 

iRlLCJI) auTPliT CDiLCt •ICR D/^ H>acL, S»l, 
oatT RES'jLUTiaa, BiaiiLE 0/P} 

(S«RE h]Tm t2!UT RESbUTIONi SlMiLE 
ES*“t HitH DBIT hESUuiTlua. uu*!. u/P) 
{BIIE nllH li^IT RESULbTinNi UuH It/P) 
CJtHE enii RESUt-uTins, ulud u/p} 
(3<Ht rIIM Ijaif RFSUUUTJOR, PUiy J/O} 

4M1UJC UuIPliT (OXCp*C-1>'V 0 /» HAhCtt!»4> 
CBIT RESULUttUai SIRCUb M/P) 

(SiPl "ITM UalT REStlUUIlUVf 31NCt.t 0/yj 
(IRHL RtTM SblT kESUbUltUai 0U4I. 9/H} 
(91HL rITI* I2U1I RESULUTltlh, CUil. U/P; 
fSlHE irtTH SBET RE3bl-Ur:a>i, UU40 U/P) 
(9*"t "JTM 12HIT BESbLUTlOh, UlUO U/P) 

ARiLbc Output {Otcp fiasv o/p harue>9pRi 
BDIT SEaULUriUh, single U/P> 

(9AHL RtlP I2BIT REBUbOTlOh, SIRULE U/P) 
C91NI MlTP aUIT HESULUTIURi OUll. 0/PJ 
(9RPE R[I" laSTT Hf9ULUTI(lhi DU*L U/P) 
(91* t RlT>i aUlT RESOLUTinN, UkJlO U/P) 
(91'lt RII" 12B1T HESULUTIOPt UUlU U/P) 


TYPE 

MANUFACTURER 

WIDTH DELIVp 

tOC-l6 


j /fd 

fo ;;oii 

StN 

X //2 

lu 

SLH 

1 //2 

STD 2LI&0 

bt> 

1 

TP 00b 

S . <bi e.Nb(ULL«i^U 

\ 0A//b 

ules (DAC) 




bl Hi srst&HS 

t 

OLi fOOolbl 1 


l //4 



i //i 

q;> ;T00*1^13 


I //i 

ao ieoo-»i932 


1 /Ji 

pu 


1 //J 

Dt) 200-t52/ 


1 

DU 20(l«lbU 

DU«*K£tH 

1 //J 

DU 200«Ib2i 


1 //-i 

DU 200»it)]< 


1 //J 

DU 200»l92d 


1 ffi 

DU 200*ibSO 


1 /73 

UU 200*Lb2H 


J /fi 

DU 2Dg«l&3& 

DUHHUk 

1 //J 

DU 20C-I52b 


1 //J 

DU 20O-Lblb 


1 //i 

DU 200«Lb26 


X //J 

DU 2Pgvlbl9 


1 /fi 

DU 200»Lb2V 


1 //i 


NPR REF. No. 
1 R, i4/e 
IR.IO/U 
1 a) )a,l400 
ia,)au) 
la.lRB? 

|a,iaaj 

lR,)ReR 


ta,l4di 


la.tJBb 


BORMtS MOOULta ILSB HlBRETfcU BY SIEMENS 


SU'<L^S 




|4.. J407 

QCTIL aiC Uae]rin>9V,9DUHMS,l«L3EB9) 
(9i«t BUI KITH a'a eoMPLEHENt DajttaicN, 
flllB* 9V| 90UHH9) 

UMt 

(stCHtLUtUTT 

1 

t 

//J 


IdikADS 

CURB DlC (1 CHlNKtE VRR9ie*l U* DlC ICSi) 
fSlMt, A CHlNREt VER9IUN DF UK ICaStS) 

O&C 10^3 
QkZ 3P42(bJ 

CtC*K(.LIUIT 

1 

L 

tiA 

nt 


I4,i4{]g 

DUl). IZ BIT QIC (</• lev QR */• 9V U/P/ 
FBI) K.Y DI3PI.1Y DRIVE) 

bbO 

HYltC 

1 

lu/ya 


td,L4V0 

dual B/1 CUNVEFITEft [19 BIT, ICUSbC CONV 
TIME/ *19V, tlFlB»l«Vi 4l*lB*9V MINCES) 

P/A«1P 

JVlHJitH 

i 

//J 

ttj; 

14, 14V1 

BUIE 0/1 CUNVEPTEB (IZ utti ICUSEC CUNY 
time, alcVi alNB-ICVt *lP0«av uANCES) 

U/A-U 

JUtHDtH 

1 

4n 

L14) 

]4,14»2 

CCTH D/1 CUNViniER (SBIT RESOeUIJUEi 
9 TU 2N1 CR C TU «ICV OUT) 

fi P/^ 


i 

n\ 

ti3; 

14||4ST3 

0/1 CONVERTER (IZB1T,S U31C CUNvERJIUn. 
0/P R1NCE5 »1HO»Z,9V/SV/10V INO *SV/IDV) 

41 

jUrttAV 

t 

n\ 

i 2] 

i4»i«y4 

8 CHINNEE 10 BIT B-1 converter 

illO 

Kt^tUC StSTtMS 

1 

in 



H DICtllL TO INILUS CONVERTER (|29|T> CONV 
TIME tOUSECi 0/P RANGE 9 TO 9Vt Mil 9M1) 

CAM 4||Q 

«bT)4]HPt.X 

1 

nz 


Idjidvo 

N DiCilAE TO IMLOD CUNVERTER <a»lO0IT, 
TIME ICUBEC, D/R SINCE *E.6Wi «1« S"l) 

CAM d,Jl 

N£rMlMPtl 

2 

f/4 



DUIE DIBIl ILaTUalNlLUC CONVEHTER (JOBlIi 
OUTPUT 9 TlJ *I0V [JP »S TU *Sv)_ 

2UAC 2011 

at'- 

t 

in 


lA,L49b 

OUIE UlC (IZBIT, IIND.IOV UB .iNUaZOMl) 


5UHENS 

1 

/?s 


14,14^(1 

ISlIEitED DUIL Die a0BlT,30U5lC, 10V/S»1, 
QPTUCUuPLER.a TIMING MODES ( RinCEmmuOIF ) 

C«0A«21b 

hihlEt ELt^tbuMA 

1 

//i 


14,.lb00 

uuie Die (Biin f icuSECiEV/aonii aTiM]Nc-H, 
iRINgE mDDIFiCPTiGROUhBmREJCiEUSEC} 

C*DA»40b 

tLCK 

1 

f/t 

ou 

1 4, ibol 

UUID DlCdOblT, IOUSEC,EV/S9MliaTlHlFtC»M/ 

C<DA-4)il 

nt'p^tL tUAlku^H 

1 

//d 

111) 

14, lbU2 


«,• iniFtcE Ha«iP,uPT,[iR(iuun>><Ljiii9ustc) 


164 Analogue Handling and Procassing Modules 1 (MX) 


3tt AUaU AUC IvPiS 


DUHNjtk 



LR,iauJ 

S HUWTlPLtJcfcfl CONTROL UNM 

(UP TO 7 CAM 4.»06*ai 7H CAH 4,08-22) 

CAM 4,0b»l 

MLfMl-Ptl 

1 y/4 


lR)iaua 

\2 l^PuT A^AiUDUF ^ULTlPUlXiK (HANDUM UU 
SCAN ACCESS CUNTr^l/LLED HY S«^lH RtClSTEHl 

M* 20?b 

bt'R 

1 //2 

i tij 

litTUuS 


232 


DESlGMATION&SHOnT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DELIV, 

NPR 

REF. No. 

(FtTr 5 08EC S*tTCHIM> TiHf, ♦/-10V> 

MX 20/0 

6t* 

1 


tIJJ 

14, ibu6 

«iI0t«QAND (lg-CHAN*»kL tiO UhP*!) 

kNALUGgt Hult1PLLi£4)> 

MttH 20/d 

StN 

1 


113J 

14,lbJ7 

id b^AKNtt ^UtTlF'LtxtR Sili^AUS 

HDuTLO TU ADC/0'^***DtM£CT ♦ SCAN ♦*yptS) 

l/Ol 

h( HfcP 

i 

Jii 

1 3j 

14|16U6 

DUHhUH HtiuuLES ALSH MiNKtfgU 


Slt“tN3 




lOfkboy 

HUtr MLLTIPLtXtH{itt C«A^NtLSf *<AX SOOV/ 
UH lOVA, DATi-AV SLT«lKC*t AGOPfSb) 

Rkf COO«103A 

DUmN|eN 

l 

tn 

//2 


I4,ibie 

Cn]|h fNONT Cu^UtCtUk) 

DO 200-12A6 


1 

2 



(SAt't i.H" !»*E«hu VUL^Aftt CUNfAClS) 

Du 240-lUdS 


tf\ 



PANtU CUhNiCIM>«) 

DU 200»1236 


2 

tt\ 



ANAiUG »<ULTtPL£Ktff ;id C^AK*«ELS«Htti» 
*<FUArS,H&M A»^9 UAtinAV SKr tXPAS|)AHUL3 

AM 

JULKGbH 

2 

in 

t 6J 

14,1611 

l«*LHAf^htU A/P Ci)NVt*^TfH 
(DiFl-EHtNMAu !><PUT5t 11 BITS v bJyhl 

A**«l 

JUlf«bCFr 

4 

/tA 

cm 

1>, L612 

iO«CHlN>iic A/J) C4l*4ytMTEH (ACCfc»*T» 4«20^1 
CgRHtM INPUIS, 11 BITS) 

AM/1 

JLLHCeH 

4 

UL/76 


14.1613 

15 ChihNEu KECAt MUUTlPLEXtP 

JbdO 

SVSTEhS 

1 

/73 



19 tHANNfcu rtEUAT KULTlPLfcxtP 

JS30L 


2 

//b 



MASIER "ULTiPUMEH {16 Ch, A PUUt «ff03 

601 

fcULL, ENttHPHlblS 


//O 


14,1616 

SLAVE HULtlPLCXEH C16 4 PUub KEEQ] 

6D0 



//D 



16 CHANNEL RELAY hulUPLExER 
STANDARD LEVEL) 

J Ml 1(1 

SLnLi;*'BtHUtK 

t 

Hi 

/73 


14^1616 

{SAHfc ft/« LOh LtVttJ 

J Ml 2C 


J 



HULTlPLtXER MANUAL CiiMRQL 

J AA 10 


1 

//J 



HULriPLbxLR 10X4 CUhTACtS 


lltME i3 

1 

//A 


J«ilbl7 

16-ChannEL ^aST HUt.tip^ExE|« (FET 
SNlFChES FaR IDC iSdi AND 1244) 

i/ta 


1 

//2 

( 4J 

I4,ibi6 

Ftr HulTCPlEX^R (lb CMNNELbp 

Nax «Dil»10Vi DAIAkAV bet * {nCH AODNESS) 

Du 2go>lo3l 

O'juMtH 

1 

//a 

//a 


14,|B19 

(Same ftlTM FHONT PaNEl CUNnECTUHI 

O'J 2DU>U31 


1 



nr Hy|,TlPLeXEP (16 DtFf 1/P, 

MAX *UH*iQVp DATAkAV SEt«SN£>^ ACURL381 

DU 200*1034 

OgHNltH 

1 

//2 

in 


14.1033 

t»JTH fHDMT PANEL CUNNEttd«J 

OU 200*1294 . 


• ■ 



16 channel A/D CUNVENTIR (FEt huA DlFf 
INPUTS, J20IT AUTC CTCIIN5, PP*L bLUPS) 

34 

i\ - ' 


/74 


14, 162, 

16 channel fast ljgital hultjpleaim 

(PULSE "lUFrt mjn 7 N6EC) 

CAM 6,03 

»‘E 

2 

/74 


14,1642 

lb Channel HULMP.LEXtB (S-itchinl yp j 
nIHES, haX SOOH^, max lCi6V) 

CAM 4,08*21 


V 

HA 


ld,lbi^3 

16 channel HuiTlPUtAttt (Si^lTCMlNL UF 4 
k(RE5« max SOOH^, max lOOV) 

CAM 4,06*22 


2 

tlA 


14.1624 

HyLFlPLEXER#SULlD STAIE <16 5INbLE*ENDE0 
yP t OIPF CNAn,RanpDh or sequent ACCESS) 

9026 

NULL, ENTtNHHiSES 

1 

tn 


14.1026 

SOLID STATE MULTIPLEXER (16 CH, HANDOM, 
A SbtilIFNT ACCESSr MULLl^MyX SCAN H(jdf ) 

MX Dl6 

STxiU tNUtNEEMlNtf 

1 

HA 

lUi 

14,1626 

5? Channel analUL hultiplExeh (Serve as 
CHANNEL EXPAN9LH FGP 9J01 DATA Sy^TEh) 

dlQl 

Hi HA 6TS(bHS 

1 

H-i, 


14,162/ 

J2 Channel analog hulTIPlexeh 
{MAX ioOuHE, MAX H-6V IN) 

Cam 4,07 

MtlHlrPtx 

k 

in 


14|162B 

RELAY HULTlPUfiXER (3^ CHANNELS) 

760 

MtJLUN 

2 

63/7S 


14.1629 

HUuTlPLfcXEff (32 CNANNELi 2 CUNUtTS) 

C 764bl*A4-Al 

sa^^tNa 

2 

HI 


14,1530 

Multiplexer (i? Channel, a CUNjaltS) 

C /6«dt*Ad*A2 



in 


14,1631 

multiplexer 32X2 CQnI ACTS 

C 72468-A0H2¥*ACr,; 

61t>^EN:i 

J 

HA 


. 14,»6jc 

ret HULtlPcEXtH <32 CMANNfLSi 

“AX «UR* 16 V, DATAhAY SfT*lNCH AQDRLSS) 

Du 20O-KJ2 


1 

Hi 


14, 1633 

1*JTh frtilMt HanFu CUnnFCTLH) 

Du 20v»12j2 


1 

fii 



FTT “uLJiPLEXEW CJ2' OlFF 1/H, 

Max yUR»1DV, QAILmAY SET«1nCH aqvRlSS) 

0:l * 

DumMLm 

2 

tn ■ 


14,1534 

(SAME-ulTM front panel C('NNtCTlWS) 

tJJ 2iJ.>.i;3/ 


i 

in 



FET HUUtlPLExtH (64 C**AnnElS 

“AX tUR^lOy, pATAf^AY SETtlNCW AUl^REbS) 

QU 2k.':-t0tt 

nuMNjfcw 

2 

ii^ 


14,1636 

(piiTH FRL'NT Panel connelich) 

5i D-I2bl 


2 

in 




DSIGIiSTMJ Py\(JE IS 
m POOR QUALITY 


> ■ t i 1 i 1 -I 


NC ?ESIGNATtON & SHORT DATA 

TYPE 

MANUFACTUHEH 

WIDTH 

DELIV. 

NPR 

REF. No, 

165 Analogue Handling a 

rtd Processing Modules II (UN. Gates, Ampl., Disciimtnators etc.) 

H PflEAMPLXFt&^fl 

CQAlN RANCLS>V kSOj iUOj XIOD 4 iiOO) 

CAM 4*LD 

HETMlHPLi 

i 

//2 



FILltfl AMPtiriE** 

tCAlN AARCE— QFFf XI, IIO) 

CAM 4,16 

MLTMlHPLA 

i 

//2 


U.ISV 

icnvb filter AHPLlFIbflaO • lOOO UAIH^ 
i?b»4USEC CAUASi pulse SHAP1h(>40>ll^V UUT 

LlOl 

POLON 

j 

//4 


l4»Vi.*S 

UASELiNt KtSTCRtR(,l% CUU^I HATE StABtk 
UP tu bl}KH2fQ«|a t/Q 3tQ»JALSf iv/v ^Al^) 

1192 

POLON 

2 

//A 



OELAT AHPk.lFLERti2S « 4,7dUSEC ObLAYj 
0 TU lOV tN/Uut StIjNAtdi IV/V UA)N) 

noj 

polon 

2 

Gi//b 


la,lS4i) 

SUKirlNVtRT AHPlIT UH(, 2 % NUh«UtNtA4tITV, 

tv/v CAIN* a TO lav x»/uut sicnalS] 

U04 

PULUh 

t 

//A 


U,|S4l 

UNtAR CATE C*2% NUN«L]NEAHiTr* f/- |V/V 
CAtNf a TO IdV IN/UUt SIGNALS) 

nob 

PULUN 

1 

tn 



PULSE aTRtTCHER<.afi««9U3SC 1<P '•i 6 th, 
luSEC 0/P iiDtH UF Pulses* *9 v/v uai^) 

llGft 

POLON 

1 

//4 



SINGLE channel ANALVS£R (,2»10V LU/HJ 
LEVEL* |2«2V NlNUUN, ,S>3,EU5EC UbLAY) 

1201 

PULUN 

J 

/FA 


14,1S4« 

linear NaIEhCTFR CIO TO lOOK CPS RANGE* 
IS TO iOS TIME CONSTANTS} 

SiCt 

polun 

i 

//a 


U,lSi)b 

LOCK shaper and delay (,2 TU UDOSEC 
OELAT* ,Z to IIOSIC U/P PUL3L flUTK} 


PULON 

2 

//4 


I4,lb4» 

UNIVERSAL COtNCIDCNCL 
(*t TO 20 SEC resolving tIML) 

14Q2 

PCjLON 

2 

tVA 


M.iwr 

N FAST AMPLIFIER C2O0V/V CAIN# IONS RJ9E 
TtHE* 200NS rC DIFF* 20QN0 TC INTiGR} 

IbOl 

PULON 

A 

/7b 


14.1S4S 

FAN OUT 

a RJM IW# 2 NIM L 1 CUMPL TTL OUT) 

lb04 

PULON 

1 

tn 


14,1S4» 

CAHAC controlled pulse SHAPIR (4 PH 1/P* 
4 NIM I/P L S NIM a/p) 

CPS 206S 

SEN 

1 


(U) 

[4,lbb0 

DUAL PULSE DELAY UNIT 

PQ ooa 

3TND tNUXNbbhlNG 

b 

//i 


I4,ibbi 

aAHPLE«AND«iPOLO amplifier CQUAL plfF 
AhPL*«/*I0V range, 2DHa UUT*bU5EC 5ETTL) 
CSlNtLE AHPL VLHSIuN* flUTK TYPES HAVE 

nqlu and Track mupeS) 

Ut> 20Q-104a 
DO SOO^lDAl 

OLIHNILM 

2 

2 

//2 

/72 


|4,lbb£ 

PffUCHAHAHLE AMPLIFIER/ATTENUaTUR CCAIN 
ODE 10 CiQDU IN 1C STEPS* ATTENUAltUN ,b) 
' (SAHt UUT DUAL channel VERSION) 

00 2DD«t062 
DU 20QW1Q6J 

pUHNItR 

'i 

1 

ffi 

//3 


t4,|5b3 

prouhahmable amplifier 

CGAlh 1 * ID* 100 * 1000 ) 

CSahe BUT dual Channel version) 

DO 20G*10S4 
DU 20O*10Sb 

DURNltH 

1 

1 

Ob/Zb 

Ob//S 


J4,lbb4 

PROCKAHHAULE pRES]SIUN ATTINuATUk 
tJ/t IQ t/ZDAS* 20y HA* J/P HANCE) 

PPA 20/1 

SEN 

1 



l4,)bbS 

digital >«1NDUh UISCRIHlhAtUR («11H 
ISfiXlfiUlT BUFFER* PAKALLEL * SERIAL I/P) 

DflD 2Q46 

SEN 

1 

nt 

( «) 

14, laab 

N uhe to pulse height converter cstaht* 

stop I/p* MAX 2b6NSEC* RESUL lOdPSEC) 

CAH 4,1/ 

Ht r«iNPt* 

2 

4iA 


14, Ibbr 

1 7 Other Digital and/or Analogue Modules — Mixed Analogue 

and Digital, Not Dataway Connected etc. 




N PHQH PRUGRahhIR 

i090 

HlNtllC STjiltMS 

2 



14,tSbb 

N dual bridge pdher Supply 

(FLUATING OUTPUTS EACH m^x 24v/2U0Ha) 

CAM 4,0B*i 

HtlMl«PLA 

2 

tfA 


14,lb!sU 

N UC1AL fLUAUNG PUmEREO i^RlOUE 

(PT«.ThERHU«R APPLi USE m)T« Cah d,oa*20. 

CAM 4,DH«At 

HLtHtMPtK 

2 

//4 


14,iaeo 

N OCTAL floating Pi)«IHkD KRIUGE 

(.PT"1hLKH[j*R APPL* use "Hh CAH 4,0B*7H> 

CAN 4,ofl*42 

HfclMlHPkX 

2 

//4 


14,ltj(ll 

N COLO ROlNT PnwfcR SUPPLY 

(FOH COLD POINT ttFFFPENCE BHIDGES) 

Cam 4,aB«b 

Ht^NjnNLX 

a 

//4 


14,]bb} 

DETECTOR BIAS SUPPLY {Q Tu ♦/-2DVDV* 
and johohh QUTPOT R^SISTAnLE) 

1901 

PhLUN 

4 

//4 


14, ibbJ 

NUhLHILAL COnTPUL System* COnpuistNU — 
data whiter and DtSFLiV 
serial controller 

DATA RECEIVER FOR hlchINICAL JPiNAllUNb 

C boo 
C t)04 
C 502 
C 501 

•lUt 

HA 

U 

V 


1 /) 

14,iiib.4 


<*i OtCAQt OtC^Dl I^STKUCTIUN HEli) 


234 


: t 1, 

; DESIGNATION & SHORT DATA 

1 

TYPE 

1 ^ 
MANUFACTURER 

WIDTH 

□ELtV. 

i 

NPR 

REF. ^ 

(IHiC PHiJH PRiiaOAMMtK 


SL^^lU^i 

'4 


UJJ 


CUPHbNT 9UUHCL 

TQ lOMi AHO fUH PT tOO AUAPIUN} 



4 



14,Lbciei 


2 SYSTEM CONTROL EQUIPMENT— COMPUTER COUPLERS, 
CONTROLLERS AND RELATED EQUIPMENT 

21 Interfaces/Drivers and Controllers — Parallel Mode for 4600 Branch 

and Other Multi-Crate Bus, Single-Crate Systems, Autonomous Systems 


211 InlerfacBs/Drivers for Multicrate Systems I (4600 Branch Compatible) 


ex£CuTtV£ SUUb. 

ASSt^SWr OF HODUtAft €Q»iTRQbU.H9 Ih CAMAC 
CRAlb« C0VEfl9 SVSTIH I’ROh 

Sl^(»Ll 9UURCC«S1N0UL CRATb TU nutM 
9 DU»C€«HuLT1 crate ST9TEK9^CURPR19XNC 
EXtCOTlVE CttHTRUULbR (rRAN3FURH& 

aTAN&iR& CRATE l^TO SVSTE^ C^ATb) 

BRANCH COUPLER (UNE HbR BRANCH, ti&jt T) 

MX-CTH-2 

Qr»CRh«2 

GEC-LLLIUTT 

2 

2 

//2 

/n 


14,7001 

AND INTERFACE 9UURCE UNllSf ALSu 
OPTIOHALLV AUTUHpMOUB CONTRULLtR SOURCE 
UNITS (ALl inserted INTO SYSTEM (RA1EJ 


GEC«EULlul r 




14,2002 

fop«li sraiEH interface# corrrisjhg 
PHQCRAH TRANSFER INTERFACE 
BMIBUS termination UNIT 
inter unit bus clinks UNIBU9 TU 
ALL 9] SOURCE UNITS FORMING tNTEHFACET 
interrupt vector generator (ApUS AUTQNU» 
NOUS ENTRY OF OLmDERIVCQ INTERNUPTS) 
autcnohqus hehurv ACLE9S conthull£R 
C2 USEC/nURO transfer TO PDP«U sroRE) 

PII«1I c/u 

THH-II-l 

IUB»i 

IVG-ll 

AHCvLl 

GEC-ELLItMT 

J 

J 

1 

2 

//2 

f/a 

//d 

/F2 

D0//5 


14,2003 

HUVA/SUPERNOVA system XNTERFACEr CUHPR 
PRUCNAH TRANSFER INTERFACE 
I/O BUS TERMINATION UNIT 
INTER UNIT BUS 

INTERRUPT vector GCHEPaTOR {^bb BIT TRAP 
STUHEi branch or CU PRIURITY MupbS) 

PII-N C/D 
THM-N 
luu-x 
IVC-2402 

GEC-ELLIUI r 

3 

1 

1 

rn 

m 

//4 

//4 


|4,7004 

CNTERDaTA 7QpSER 1ES SrSTiN interface 
CGHPRISING 

PRUCHAM transfer IHTiRFACf. 

I/O BUS termination unit 
INTER UNIT BUS 

interrupt vector GEHEPATUA C7B6 BIT TRAP 
9T0RE| BRANCH OR GL PAIONITY HuUtS) 

PI I-/0 c/u 
THM-FO 
lUB-K 
1VD-2AD2 

UfcL-tLLlUlT 

d 

I 

1 

//3 

//4 

//4 


14,700b 

hOnEThEUL SI6/S16 SYSTEN INTERFACEiCUHRA 
PRQSHAH transfer INTERFACE 
I/O BUS termination UNIT 

bysteh interface HUa 

PTI-MJb C/U 
TRH*Hte 

Sl#DUS»IH)b 

GbC-ELLiOIT 

i 

1 

/73 

//3 


14,7Q0b 

GEC 4&B0 9Y3TEH INTERFACE# CUhHR[S1nG 
DIRECT TPANSFERS INTERFACE 

interrupt vector generator 

BLOCK transfer CHANNEL CfJNTFtOLLEN 
[NTEK unit bus 

AUTONOHUuS HlHQRY ACCESS CUNTRULbEK 
(7|ti US/hORD TRAN3FEH TO GECbADSU STORE) 

ptI-sosd L/D 
IVG-SdCZ 
PTI-SQ&P P 
lUB-X 
AHC-dOSO 

GEt-ELLlOIT 

3 

i 

3 

7 

//3 

//4 

//3 

tfA 


I*p7007 

QEC 20BC SYSTEM INTERFACE 

(SAME ITEMS AS FUR GEC «0S0 iMTERfAtb) 


(lEC-ELLlOlt 


/74 


t4,70UB 

SYSTEM CRATE TEST UNIT (ThO*CUHHANO TEST 
UNIT FOR checking SYSTEM CPAtt StSTEHS) 

3t*TST-l 

GEC-ELL1U11 

3 

//2 


K,Z009 

branch hiumnay driver 

3991 

lilNEtlC SYSTEMS 

2 

//S 


14^.7010 

hIcHUPROGHaMMEO branch DRIvCk FOh PfiPvtl 
(FROM Z56 UP TO dK hUROS mERORy) 

UNiQus Cable assembly 

UOI 

aioi 

ai MA systems 

NA 

//2 

in 

1 a) 

14,701 1 

P0P*M CahaC CQNTROLtEPCSEOUENTtAL MLAU/ 
NHITLfSd GRAOED*L INTERRUPT OlKtCTLV) 

CA ,ll-A 

DEC 

nA 

it\ 

< 

14,2017 

PDP-I5 CaMAC INTEPFALEUe/SdHlIiPMOGHj 
BEUUENT AOOR AND BLOCK TNiNSFER MOOES) 

Cl lb A 

DEC 

NA 

n\ 

■ ( 1) 

14,2013 

P0P>lt INTtPFACE/DRANCH ORIVER 
CSd VECTOR ADOttbSS^Si PRUGMAmheO AND 
multiple 0RA«TKANSF1M« ABORESS sca^ AnU 
-List MOPtr RFPEaT^, lam- aND STuP mode) 

CA Il-C 

U b C 

NA 

tn 

l 4) 

14,7014 

PDP-11 branch ORIvER {fUR A6D0 CUMMaU- 
PLtyPttUtiRAHMCO ANO SEQUEnT AOOK MODES) 

UD-OIJ 

EGaG/UHIEL 

II A 

in 


l4,70Lb 

H PBP-U INTERFACE (BRANCH ANU/Uk SEhIAl 
H tCMwAYr PHA, 00011 MEG, ASSIGNMENTS) 

211 

JtIKnAV 

r»A 

ia//t» 


14,70)b 

PpP-lt BRANCH DRIVER 

MS DDt L ' 

KI^LTIL StbItHb 

NA 

//I 

( <1 

14,701/ 


235 


I 


DESIGNATION Et SHORT DATA 


l»irtHfAtfc AND HJH ^iJP \\ HpP 6 

arSTt**# C^^P«iS^^0 
BHANlh l^TtUfACL 

ia-t>lT CO^THOuUtw C^Hh ElTMt« U>- T«t 
FauLut^iNc l^TLt«Fic^ capus ) 

POP n l»«*EPFACt 

ISTbPfACb CAAD ^Ok OEC Pf)P B Sb^Ub 

l^tbHFiCb CA*4fiC*P0P II 

T4fcNSF£P AnO SbUUb^tUu *ODP pU0L9> 

SUVA ttRANCH DHlVbP 

M)VA BFIANCh oni^tn data CKANNLL 

hUUA h^^anCh omy^P 

l*iT£HFACfc/SVSTeM CU**rRUCttf< ^0 HP210D| 
ZlUt 2ltt>r 2U6 

phl**b CUHPuTbR UKANCh D^^IVLP (mUH dTm ^ 
PRIMI CUHPuTpR tiRAhC^ CAHlfc 1VHE U103? 

iSTbHFACE hCR VAKI4N fi2fiIVL/F cnPPUlE»r 
(PHUtrM^aS’UutNT AND Ml-SCK TRAkSFtHS) 

N Ctl flDDlrLAR ONE AUIUNQMUijS d^ANCH 
CUNTRatUER 

anSTL** CUNTRULLER FUH alE^bNS 4C4/3 
(IRaNSFLR UF lb UR 24 blT D4TA«0r<DS 
PAHALLLt URANCti CQKHAND CHitNlNtf) 

CSA^t Bl/T ntTHOUl CHAlM*<b] 

SySTLM CDNTKUU.ER FQH SlE*<bNb 4Q«/3 
fTRANSFCR Of kb UR 2d QIT OAlAviUMDd 
parallel Branch boT *10 CUhhand CHA|»r|Nttf) 

mJCHUDATA UOO/cIP 20^0 BRANCH URivtR 

BRAhlri &Rlv€R (SdijtTf PROCRt dLJUbhl ANU 
BLUCA rftANOFER HUbbdi htk 7 CRAtbS) 

N Branch orivlp • jNtkHfACE fch iooi tpa->i 
N AUTQl«0^ AOAPTER 

(iNttRFACES CAMaC to AUl|>NU»<au9 LhANNEL) 

lhTbKFAC£«OKlvbR FOR vaRIaN /b^Ol />b2dL 

*lULTl»C«ATt $V9TLH, COPPPlylNC 

branch iNFEKfACb 

IbK^lT CUNTKUUtN 

AND 

iNTERFALt CAKO FOR VA;»1 an ?jyb20i/b20L 
SCRIta COMPUTERS 

SYSItH CUNTRUU.bR fUH aibMENS iSO/AJO 
CAUTO.gl, 24 VECTOR AfiORf pRUGRahhED (t 
OWA JRAN3F, AC?Dfl-5CAN+!NCREM/«ANUt|H LliT 
repeat. LAH n STOP HUUES) 


DEOUATED CRATE CONTROLLER FUR NuVA 
TERHJ.NATOR FUR NjVA i/U UUS 

BXUIRECTIUnAL data BHF&it muDuLE f4jR PCKB 
computers CfOR USE MITM 7b49«2) 

PROUha^mED DATA«AV CONTROLLER CPaRT 1>F 

7000«Sf« SYSTEM FAT CUNlR HJCmhaY) 

COMMAND UENERiTUP 

TRANJiFEH HbGJSTtK 

MRULRAM CONTROL UN]T 

fViREO stupe 

CUNTKOLLEH/lNTEMI-ACt MIR TJbJU CumPOTEK 
(HAA 8 CRATES. PHQr./ADOR|SCAN/bIuP 
pMA HUOULt 

crate CUNTRUtLER FUR NuYl CUMPUTtW 
CRATE CUsTRaLLfM BUS TER'^INATOm »-uR 
CC 2023A/8 (ONE PEN SYSlEM) 


MANUFACTURER 

NgLL* tNttMMMIbLS 


WIDTH DELIV, 


niPR REF. Mo. 


9QJ1 


2 

J 

tri. 

in 

t /) 
1 rj 


9D32 

9034 



nz 

ni 

i n 


UP il/UM U A 

SC**LUHBtRUb*<- 

NA 

ti\ 

t i) 

14,201V 

Ubl*l 

bl HA SYSTEMS 

NA 

ns 

1 ») 

14,20211 

izai-'Z 

bi RA systems 

NA 

y/4 

t 5) 

14,2021 

NBQ iOO 

ST-’^Lr tMflNEtHJNC. 

2 

/y4 


14,2022 

22o; 

BuRER 

NA 

n\ 

t 4J 

14,2023 

1260 

til HA STSItMS 

NA 

y/4 


14,2024 

2204 

BUNEH 

NA 

ni 


14,202b 


203bB 

C T L 

NA 

iJh 

1 U1 

14,202b 

200^2921 

DUMNIER 

0 

ns 



•Ju 20C*2922 


b 

fiS 



OU 200*2923 

UUMNItR A 

6 

tfS 


14,202« 


JUHiiAT 

NA 

/7i 

t 7) 

14,2029 

b400 

tAbLN 

' 4 


< 

14,2030 

Cam uoa 

HETHIHPLA 

NA 

ns 


t4t2U3l 

CAM l.lB 


1 

/?« 




NucL, tMt-HPRiata 



1 UJ 

14,2032 

9031 


V 

n'e 

1 7) 


9030 


3 

n2 

( 7) 


C3 0044 




( IS) 


L /24bl A16Q2 

SIEMENS 

B 

its 


14,2033 

Multicrate Systems II 





)de Control/Data Highway) 





NC023 

EG&G/UMTEC 

2 

ns 


14,2034 

N7022 


1 

ns 



IDOO 

HYTtC 

2 

ns 


14, 203b 

. o?a*2 

NUCl 1 LNlERKRlicS 

2 

nu 


14,2u3q 

■ 062*1 


2 

nx 



• OQJ*t 


1 

nn. 



0 JbZ*2 


NA 

/7(? 



;odd-i 


1 

/TO 



jcr 16*10 


2 




JDM lb. 10 


. 2 




CC 202JA/b 

at < 

2 

//O 


14,2037 

til 2U22 


1 

itl 




21 3 Interfaces/Drivers for Single-Crate Systems (41 00 Dataway Compatible) 


SlNliLE LRATL avtiTEM LONTHOLURS CbEE 
EXECUTXvf 8ulTEr CLABS ,211) 


riLc*KLLtinr 




k<,2(i3ti 

P0P*U-5t«ttS CRAU LUNTWQLLtH 

IJOA 

kil HA SYblEMS 

2 

ns 


14,203V 

CRATL CUNTROLLFMyPI^PU UNUU9 InTLkAaCL 

lb33A 

HiJRER 

2 

ffi. 

1 43 

14.2040 

NPn LUnTRULLER FliR D«A TU POPH t,b. VU 
|*>J3A CNAtt CONTi-^lUB/lNTf BFACE 

1bd2 

tiUMLH 

NA 

ns 

1 b? 

14,204t 

SINULL CRATE CUNTRullEP/PUP*11 IntLNFALE 
(MULTIPLE HUS ADDPhS3 VfHSluM 

CA-i l»t 

u t t 

2 

ns 

i 9) 

14,2U42 



■ ■■ t 


] 


i 


r 


y 


NC DESIGNATION & SHORT DATA 

TYPE 

MANUFACTUREH 

WIDTH 

DEMV. 

NPB 

BEF. Ml 

C SlNt»L6 CRATF CU^TflUlt^n/P&P-U 

CA-U'-FP 

DEC 

2 

Ob//i> 

ltd) 

14,2D«J 

(P(}Ub()AHHtO IPANSFtPS* m]Th Kit & 

CO«^ECftJtl TO 0«A (IPTIUS CA»U<I’‘<J 



2 

Ub//D 

U4> 


C PpP«lt OPA iNtFMFACF CA»H«FK (6 pHA 

CA*a-FN 


0D//S 


CHArfh^LSr UR UtST MHOL, IPBlf **C« CA« 

QFF&tT FOP Each CKA»<i«£Wt unit 



NA 

0D//S 

U4> 


N PaNbK SOPfcY FO*f CilNrHULLEP 

CA*U-f*ii 



(Ct^bAATES AC WO t. UC 1.0} 







PtPlCATEO CRATb CUNTMOLLEP fUP PoP>*U 
{MULTIPLE TPANPFEP OR AUTU AODKLSS 3CAN} 

OCDll 

LCBb /URIEL 

2 


t /> 

14,2U44 

${AiCLi CMATC CO'^TR^L^ER TOH PpP«a/b 
AUPP,*S;AN HOPIt PHA t/Qj HAX 22 LAMS) 

LEHp!>2/J2,1 

EISEnhann 

3 


t|3) 

14,2049 

c gfijaus CPATt CU<-TROULt« PpP-U 

3911A 

KiNtric stHTEna 

2 

fl2 


14,2D4B 

INTERFACE AlvD OHlWEP Fl)P POP 11 vd PUP a 
51N6LE CRATE fiVSItNi CNHPfUSlhU 
ia*9lT CUNTHOLLEP {MJTH EITMKR \^^ TwL 

S03fl 

NULL, ENUKpHXSbS 

t 

3 

U2 

( n 

14,2047 

FOLLUhIhC JMTERFACE CAPOS ] 
POP 11 IMEPFACl- CAKU 

9032 



it2 

t /) 


intekface card for obc POP b abRiCS 

. 90JA 



//3 


AOTOMJHQJS CONTRUlLEK flip pup u 

90Jj 

Null, ENitHiiKibES 

2 

//3 

t «) 

14,2D4B 

CAHAC CHATEvPDP 11 INTERFACE 

J CC 11 

SChlumBERIiEH 

2 

//4 

K /) 

14,2040 

UNtUv5 TERMINATOR 

J ui ii 


1 



UNtUuS bYTENOER 

C UEX 11 



tfA 



CRATt^avsTtH CD>»TRaLLfc.H FOR PDP-U 
(SA iilT REAP & hPITE CAPAUtLlTiCa) 

c-csc-u 

nENZEL EUtMIRUNlK 

2 

in 


14,2090 

H0vA>£tHib3 CRATE CUNTROLLiK 

U03 

B1 MA systems 

2 

//3 


14,2091 

single crate CONIRULLFP TD HP C0»^PUTtRS 
rtitf* EXT SYNCHRONISAIION FACILITIES 

IbJiA 

BUMER 

2 

02/7B 


14,2092 

INIEHfACe FOR HP Jlld.gUlJ CUNPUrtWS, 
comphisinc— 

16-an cuhtrolleh 

IND 

90i0 

NULL, ENrLHP4*;SES 

3 

//2 

1 /) 

14,2093 

//4 


interface CARO FUR HP 2tlA«>2n9 

C5 OOSB 





N CtL modular one PRUCMAHMfcO 0*IAnAt 

I,^a 

C T L 

3 

iib 

114) 

14,2094 

controlled 







VARlAh*CAMAC INTfRFACE CRATE CONlPULUER 
(160|T 9E0JEN7«ULnCK -TRANSFi 1 CL/CRaTE) 

C 300 

INFUPMATEn 

2 

in 


14,2039 

U CSATt CONTftQLUtH-INTEOFACL FUR tOOlfPA-1 

CAH 1,02 

MiTKJHPtA 

3 

tn 


14,2090 

INTERFAC£«DR(UER FOR vaRIAn /3/6Z02/620L 
single CPATf SYSTbMiCUHPRIdlKU 


nucl, ENTthPRibES 


ifZ 

i HJ 
1 ?> 

14,2097 

16«UXT CONTROLLER 
AND 

90J0 


3 



1 B> 

interface capo fop VARIAN 7 J/bl!?! /&20L 
SE»U9 COMPUTERS 

rS 0044 






interface FOR HONETtsttL 
COMPUT£MSr COhPRISINL — 
16«t}lT CONTRULLEN 
AND 

9030 

NUCL, ENTERPRISES 

3 

f72 

t /) 

M,20bB 

rtt 


C interface card for nuNFV"ELL JlD'bLS 

903b 





INTEHfACE FOR KgOS CUhPUTEP {24mffAu1U« 
NDKtlua 0LOCR TflANSrtHS Tli/fHOH HtMQRT# 
(.■NUMBER interrupt ENCDOER) 

100 

PULUN 

3 

tit 


14,2099 

3INCU CRATE controller FOR hKH'AL N/G/E 

3C Hlc 10 

R 2 E 

2 

02//t) 

U3) 

14,2090 

CHAtt INttflFAcE KiR HuLTI 20 OP multi u 

J CN e/20 

SCHLUMrtkHtiEM 


fit, 


14,2091 

CRATE CUnTSQllER 320 

C 7aaS|*Al44E>>AN 


3 

ii'd 


14,2092 

CRATE COhTRiJLLEP AfiA 

C ;D«91«Atd4E-A7 

SIEMENS 

2 

ftl 


L4,2063 

214 Controllers for Autonoinously Operated 

Systems (and Related Units) 




data processor CAUTOfitlHpuS PPUGHAHablE 

single DATihrAY CUNTPULLER 16 NEGISTEHS 

DU 200-29t>l 

DUhnIEH 

3 

as 


14,2094 

DATA PRUCESSUR {AgTUNUHUuS PPUGRAhaUlE 
SINGLE DATAfAr COntRulLER REGISTERS# 

RECISrCHS AND HEHnHY EXPANDABLE) 

Du 200«29bl 


3 

//3 



N mkhucomputep 

jsag 

ulNLTlC SYSILNS 

2 

U//S 


14,2099 

U crate controller FDR 36H0 

390a 


2 

U//b 



CADEl (SJNGtL*CHAlt CONTmUllFH FoH PfcAD- 
only system# !nCL HOPULE TEST b DISPLAY) 

CT 20S6 

5t«' 

4 


U2) 

)4,20q9 

PMJNT buffer CALL'unS A PARALLEL PRiMTEh 
TO BE USED (klTH TMt LT 20bB) 

Pti 20B9 


u 


lU) 


PROCHAMNAbLb CPAtC CUNIMOLLEP 

S BOO 

St-^SlUN 

22 


U3) 

14,2Cro7 

pugOKAMMABLE crate CunTROlLEN 

S 894 

SL-*S1un 

22 


U3) 

14,209b 


^ ^ page m 

OS’ POOR QOaliiy 
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NC DESIGNATIOtl 8, SHORT DATA 

TYPE 

MANUFACTUHEB 

WIDTH 

DEUV, 

NPH 

ctnic HIcRUPoUCESSUR CRATI CU'^TRuLLAr 


SIMI LN(,tNEEN|N(i 

V 

//d 


217 Other Paraltet Mode Interfaces/ Drivers/Controllers 




sysitH CRiTe cuNTnuuuR 

3960 

4lst.!K {iTdlLt-b 

2 

/73 


^OOCUH^ t«HUDCUHk 1] K H|;0(,LjrP Ul 

39/0 


i 

//3 


S7STLM 0KtVCR(Ul>t "]>»* J^QO) 

CUNtRU). OATA 0009 SENIFS SYSTLh 9R1V>k 
(US b tilTM J»b0) 

J9/J 


J 

//b 


manual ilvSTtM UtftVbMUSb «*tTH J9t>01 

3UB0 

hl'^triC 5T!iH"5 

2 

f/i 


22 interfaces/Controllers/Drivers for Serial Highway 




aFRUU CRATE COhTHDLLtR IrPE t*l 
tCSJNFURPlNS TO laONt/Sh/OJ AND EKRaIaT 

see 2401 

CitC*fcLL[UIT 

2 

0o//b 


serial EtTENSlUN UNIT, B BIT UTTE SERIAL 
LlNRl BRaNCP CCNPATtULEt CUnStSTlNS CiF 


JUbKOtM 


//J 

l B) 

serial CRATE CONTRULEER aL-l* ICVNFUnhs 
IQ ESuhE/Sh/ot B TIO'ERABB t FhraTAT 

74 


2 

//a 


HANtlAL serial driver (flItVBYTE RUDE, 
HUlUPlE keSSaGES, eRRDR CEnlKaIIUN) 

7B 

JL»TA*V 

4 

/7i 


R PDP*ii Interface teRANCn aho/dr serial 

2U 

JUNixAV 

IT* ' 



HICHnAY, DMA, USOII REG, ASSIGNHEhtSI 






N NASrtR LOUP CONTROL UNIT 

3930 

4iNtnC StSTLHB 

2 

/7b 


C SERIAL RIGHnAV loop CONTROL UNIT 

J93t 

Mstnc staitMfl 

2 

//b 

UJ) 

TRANSF, ISULATEO SERIAL 0>PORT AUIPTER 

3932 

niNtTic ataTt^s 

1 

7/9 

lUJ 

N CRATE CUNTROLLER EIPAndER 

3940 

KJMtnC 

> 

/7b 


N SERIAL CRATE C0N1R0LEER IVPE E*t 

39!i0 

Kl^tllC SYSltMS 

3 

//b 


Type l<i| crate cdntroleEr ran the 
•STANDARD* serial RIORnaY 

39*^2 

nINtUC STiiTLMB 

2 

//s 

US) 

DRIVER FDR SERIAL NIGHNAY 

J90? 

Kit*tTic atsuns 

3 

//4 

Hi) 

DRIVER FOR SERIAL MIGRaAV 
(N]1N 2SS riORO FIFO BUFFER) 

3994 

KI^tTIC SKSttHS 

4 

//a 

UJ) 

N SERIAL RIGHhaV CUNTRULLER 

voau' 

NULL, thTtnptabbS 


Q9//b 


DERUL CRATE CONTROLLER SPEClFJCAtJUN LI 

CM QOO] 

KUVSlNu 

2 

>l//b 

UJ) 


23 Units Related to 4600 Branch or Other Parallel Mode Control/Data 
Highway — Crate Controllers, Terminations, Lam Graders, 
Branch/Bus Extenders 

DiaPkAlf [HUVERdCUUTRUUS tin DISPLIT, 9 J/l 

ALSO crate CTR BttA»CK DRIVER, 


231 Crate Controllers (Type A-1, Other CC Types) 


YVPE A«l CRATE CtiNTHULLEH 

liDl 

, Hi K* avSTfcMfi 

2 

/73 


CRATE controller /ESUNE TYPE A|,‘ 
(CUNFURNS TO bURAftOD SPtCS) 

IbOS 

OUHtB 

2 

m 


CRATE controller TYPE tCA-l ACCUHOING Tl) 

EURuEOO specs kITn CERN UPTtUNS 

DU 200439Ub 


2 

//4 


CARAC C“ATE controller T*PF A»> 

ClONFunHS TO LURAEDD SPECIFICaIIUNS) 

CCLOl 

Lt;co/uHiec 

2 

/J2 


E30NE TYPE A,l CRaTC Cl)NTHULLt«|COIiPuRRS 
TO EURASaa SPECS, INCL CERN NOLO OPTION) 

CC 24QS 

Ofet^LLLiait 

2 



CRATE controller TYPE A-l 
(CDNIURNS TO EURAsao SPECS) 

CCA-1 

JUtHUtH 

2 

//2 

l b) 

BHANCM crate controller /tyre a-i 

(COhFOsNS to £UM A600 SPfeS, IR7!) 

70* 

jyrt-i*V 

2. 

7/3 

L 7} 

type A.t crate CLNTRULLER 

3900 

StSUMb 

2 

//3 


TYPE All CRaTE controller 
(CUNFORRS To EURAbao SPECS) 

CAM t.Ol 

MtJMrPHt* 

2 

773 


CRATE Aa'l controller 
(CUNFORRS TO tlJR 46#D SPECS) 

9Qlti 

MULC* b»blLKKt.iSia 

2 


: t 4) 

CRATE controller type a (CUNFORNS TO 
EURAbOD SPECS) 

C >9e 

Mgr 

c 

n\ 


CHATF controller type A'*l 

(COHFOHNS TO tURAbDS SPECS) 

J CHC b> 

bt^LuMrtbMLFtP 

2 

7/2 

1 IJ 

A»J crate CONTRULLFR (COnFORRS to 
EURAbOD SPECS, Incl CERn SPEC nULU LINE) 

■ ACC 2034 


2' 

tri 



BSF. No. 

t4,i!U/l 

14,ifD72 

14,2CI/d 

14.20/4 

l«.2(i/b 

l4#S0/7 

M,207S 

14.V000 

td,acbi 

14,2009 

14,20BJ 

l« »2Dtl4 
]4,tfO0b 

|4 |20bb 

14,20ti7 

14,2049 

ld,20VO 

ISiitlVJ 

>4,2092 

14,2093 

>4.2094 

14.H09& 

>4,2096 

>4,209/ 

>4,2092] 

U,2tiV9 
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i ( i 


PESIGNATI0P3& SHORT DATA 

TYPE 

mamufactuder 

WIDTH 

DELIV. 

NPR 

REF. No 

CMiTt tu^T^^aLLt« a; 

(UlH dA^O SPiCS JQ-0&) 

C 734b|«At44C«A2 

Slt"LNS 

z 

//o 

L li 

K|Z10D 

T^Pt >-t ttaUNE) CfriTt CUMWUtUt" 

CC-Al 

S1'<P LNlf]NLtKl<«[i 

2 

J ^ 

( oj 

l^tZlUl 

TrPL A| CO^TRUUL^ r»lT»4 
(Httts abQO SPtCS UF JAN X972) 

gci*A| 

BT^U t>llilNbtK|Nb 

Z 

/yj 


|4|Z1UZ 

232 Lam Graders 







VAN (24 UlT ha^k RECilSttP* 

PUUli«*|N patch BUiPDf €LP>< 06a> 

LG E4DI 

OLCotCLlOl 1 


//2 



LAM CiRADEff (tMTEHNAUV PATChABLC* SWITCH 
SClECTAeL^ mi^LTX*CPaTE BGvPLSPUNbt ) 

LG 

jubMOLH 


//j 

1 OJ 

I4,ztaz 

LAH GHADtH-SUHTEH 

7b 

JUHMiT 


y/j 

1 /} 


L«H GHADEH {34 BIT) 

CAM 1,10 

KETmIhPLA 


//* 


|4,Z10B 

LAH GRIQER 

(DtSICNtD TU LUP <b90 SHLCS) 

0«4 

NDCL, tNTtHPMlSLS 


m 

t *) 

r»,i!io; 

PRIUMITT CPADER 

V0J7 

N JL| ENTbHHNlSLS 



uo> 

lOlZlIIU 

LAH graded {CEHn SPbCfl 

C 107 

RUl 


ti\ 



LAH GRAOLR CCEAN specs 064) 

LG ZOOl 

SEN 


y/z 

( b) 

i4,zrio 

LAH GraOER <2ABtT haSk REG, aLIH CAELEi 
PaTCHAELE C«ADDR«REC EUR HULTt«CMAlE b)C>) 

C 7b45i«AlB«A| 

siLHrNs 


y/4 


l4tZlll 

LAH URAOER(241/P«tg4HASHFO«tSUHaLAHpLEDS 
24G,X24MfLAH*9UH*TUG,LaHl>7«PATChPANtL} 

C-LG-24 

pEnZEL tltKlKUNIN 


flbyyb 

U4) 

14,Z11Z 

233 Terminations {Simple, with Indicators) 






BHAHCh MlCHwAt tEflMEhATUP 

6qOL 

B1 Ha BYSIEhS 


y/j 


l4|illJ 

QRA^tCH TERHli^AtlUN UNIT 
(hITH flUlUT*!K cables 

IbRZ 

BUHfcH 

X 

/yj 


r<t£U4 

branch TCRHlNATiaH UNIT (NUN INDICATING) 

BT bbOJ 

GEC-ELLIUIT 

2 

y72 


>4,;(Ub 

8RANCM TERHINATtON UNIT 

BT bSOI 

GECpELLIOI? 

2 

*n 


t4,SttCl 

BRANCH TEKHlffAtUR 

BT 

JUbNGhH 

2 

y/z 


k4,£itr 

BRANCH TEKHIKATtUM n|TH INtEGHAL CABLE 

see 

JDHHAT 

2 

y/2 


|4,x)ie 

branch TERMENATCH in a CDNNECTUR 

BT«0t 

AiNbTiC STSlbHS 

NA 

yyj 


t4,2U9 

branch TERKirutUR 

CdH i,n.i 

KFTM|HPtX 

2 

yya 


t4,2teo 

BRANCH lERHtNATUH 

J Bt 2D 

SCHLUHbbHGbH 

2 

/7| 


t4,Zlil 

BRANCH terminator (NUNvINDICaTINLi 40 CH 

flying gable mITH branch CQNNECTuR} 

BT Zii 

3EHM*-titNNfcY 


//4 


14,ZUZ 

tOlTTUf KXXp cable LENGTH IN CH) 

t)T ZSJXXA 






CRATE controller BUS TERNJnaiOH At)P A«1 
CRATb CON1HOLLEH 

BT 2043 

StN 


nz 


14,Z|2J 

branch HIGHMaY TEBHiNitOB 

BhT 2obb 

SfcN 


/74 

Ul) 

14,eiZ4 

BRANCH HICKhAY TERHIKAIUR 

BHT^DOt 

STNU tNGlNEEHlNG 


yyj 


I4,2|2!i 

BRANCH hICHpAV terhinatum, hITh display 

BHT»00S/D 

STSU endineening 

2 

yyj 


> 4 , <126 

BRANCH terminator (FULL BRANCH MUNITUR 

bl bbos 

GECvELUCtl 

2 

y/2 


14,212/ 

MITH^INTERNAL storacl and led DIBPLaV) 




« 



VISUAL BRANCH TERMINATOR (STORES AND 
DISPLAYS ON LEDS BRANCH SIGNALS) 

VriT 

JCEHGbM 

2 

tn 

1 -bJ 

14,2)2H 

branch TERHlNATltlN n|TH BRANCH DISPLAY 

01 

JUkpAT 

2 

m 


>4,2129 

BRANCH TCRHJNATDR (MlIH iNOtCATOHS) 

CAM 1,11-2 

HtlH[HPLX 

'4 

/72 


14,2ti0 

BRANCH tERHJifAtlUN UNlt 

(hITh INDtCATOH ANp HU«LN SUPPLY) 

C 72a«}l*AlQ«Al 

SIEMENS 

na 

y/j 

( J] 

|4,21Jt 


234 Branch Extenders, Bus Extenders 


DlfPtHENTlAL BRANCH EXTENDER 

(FDH EXibNDiND branches uP Tu i nh} 

DUE bSbl 

GfcC'tLLtLMI 

2. 

y/i 


|4,21iZ 

BKANLm higHhat TRaNSCEIVEH EUR LuNb 
distance TfiAN3KI55H)N 

J DhT 10 

SChlUmBLNijEk 

2 


1 •> 

14,ZlJd 

serial URlVEK trtPH|NAtES BRAMCh h1C*i*AY 
AND KtTHANSMlJS CtiHPANO SEHlALLY) 

SU 

JubnBEN 

2 



l4,ZtJ4 

SERIAL RLCLIYLR (RECEIVES SINJaU OAfA, 
drives- tYP.e A-t SYSttM, tiPTICAl islu 

■5N 


Z 
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fJC PE5IGNATI0H a SHORT DATA TYPE MANUFACTURER WIDTH DELIV, NPR REF, No. 


Rfc Ct ]vtd 

DlSUf*CtS UP TC aoa Mtl^t J«* 

isyti 

Buxtb 

2 

X 

ff'd 

fn 


lAUlJb 

3 TEST EQUiPWIEMT 






31 System Related test Gear 






STsrtM C"tct duT u>-n, siuhes oti« s 
CUMKihi; J% ttrtotbtr E*iuStlt"K4BLt k 

4 

OtC-lLLlUIT 

1 

/lA 



SYSFLH TtST U"H. (HJ« HEDiU'lt SUIT 
SYSit" tU"FI0uH4TlUf«, Sir 

5C-IS1«1 

StE-tLUUI> 


m 


14|.10b2 

311 Computer Simulators 



- 




POP. 11 SI"UL*TUH 

6J01 

U) K4 iTSIfS 

Ft* 

tn 

t 0) 


nst -ilOULt custv 1" SYS’E" ItST UF 
«ll|j/»WlT£ C*»4 UIi,ITY) 

T«ira4 

Llitb/UHTEt 




1«,JQ04 

TtS> Clj'*rillJ|,ttH »tT" PpUliU**’ PLUUBUtuD 

SPS VC4U 

hOCt, t>.tc«PK[3t5 

'i 

DW/a 

tur 


C*"*C STSTt" Sl^UtATtR/lESlEH 

C5S/T 

SlYlF tbblNttMMU 

tj 

//j 


laiJDUb 


32 Branch Related Testers/Controllers and Displays 


321 Branch Testers/Controllers (Manual, Programmed) 


"ibUlL asiNCH TtSTtH (TYPE i SYSIt" ttSI 
S£J "IT" "l.cTR.a t BR.CPH.E) 

SG«TST»1 

OECmELIaEUEI 

/ 



14,J0Q2 

"*bU*L CU»«>BI)LLt“ tS-ITC«ES YIJH >.,t,F,L, 
1,h CP.IUOtS. PEPEjr ,3lWCLt t 31tPPl«Ci) 

no 

PUUuN 

A 

775 


|4,J00B 

nl&M.tt TtST Patbt "UOtil t (.24 DlP» 
ECTiZa lf.DI«tCT tcctss POlhTS tUK TtST) 

CU Et^LOA 

HULMES 

NA . 

/7| 

i J) 

I4,jooo 

HRINCH MIbH.tY REnUvt iNPielT HUUULt 
(flti'uvts iNbiair TBat* t>e»J84/ur /ob/BTi) 

CU 14 EOS 

HUbHtb 

NA 


1 S) 

14,3010 

"iWJtL BBANCrt oRlVtF! (PUB ItSTlYb TYPE A 
ST5TEH3) 

HtJD 

JiiLHGbM 

b 

//2 

l B) 

14,3011 

HAbUAL 3HANCH C08THUL SET 

(rOPPfllSJBfi TYPtS C EBB 10 A"U T C«B ID) 

C CHtf 10 

SLMUUMUbPuEH 

NA 

y/i 

1 1) 

14»J012 

33 Dataway Related Testers and Displays 





331 Dataway Controllers/Testers Manual, Programmed) 





•-C '»U*ID Gfc-itrtfcTUR FOK UdE T¥Pt HO 

(25 HITS ntiQd lU N HU9 ulHFS) 

9>\3H\i display USE TyPL 110 

233 

260 

PULLn 

E 

1 

//b 

//b 


14,JD|3 

lESI C0^YW0l.LtM24 

744(106/4 

aEfikmANS 

1 

7/b 


14|30E4 

TEST CQNTMUuLE*12b 

744006/b 

■NtMNHAMr 

1 

//5 


14,3Dlt) 

‘41f*UAL C^ATt CU'^THUtLER 

CEK»LEM 

LlSbNhANF*. 

D 

//I 


14,3010 

CrtATf CU*«TBULLtn 

ICC 

JULHCiLM 

t 

/n 


14,3017 

>*AmUAL PATAkAV test CnNTHGi-LbR 

CAM 7,01 

MfclKlMVtK 

A 

773 


|4,J01b 

«A^*UAL ()*lAt*AY C('Jv.TRJLLE<?/DISP 1.AT S^STfeH 
INT&RFACE tT) DAT&niT 
5a^TNaL A'tO DISPLAY CHaTE 

D A1 10 
J DA LO 
C AI 10 

SlMLJMbtRUbK 

1 

■ NA' 

7/1 


14,3019 

MANUAL CUATb EHSTwOLI-FR 

3 CMC 10 

SCHLUHDLHltbH 

b 

/7l 

( u 

H »J0ZG 

TbSr HQDuUb FUK CRiTF Cti^T^{ILl.b4 AND 
OAlAnAY 

DIM 204U 

9£n 

1 

7/2 


14,3021 

•MANUAL 24 SIT t^ATE CUNTPULLEH. . 

«Ct*240 

STNU bNLlhtbMlNb 

2 

772 

1 S) 

14,3022 

rivNAHIc TEST COtTHULlEM (GENIPaTlS ALL 
PGSSIHLE CiHAC CtiMNANDS 1«4 SlNDLt CPAlL) 

TC 24(jJ 

GLC»bLLlun 

3 

7/1 


14,3023 

DYnanjc ftST CUiYrpLlLEP (? SIHuLT Ikan^sE 
StSOLitSTLPvHv-STEP A*4n CQ'4riNUUJ5 HQDL} 

C JUd 

*ijl 

a 

771 

1 A) 

14,3024 

DATAaat service module 

J ub IQ 

SCMtUMfEtRiitM 

1 

/74 

tiaj 

14, 3023 

MANUAL lN»>UT/UOtPU* tTfST UNII PhUVJUFS 

r^ANUAL 0«tA InPUT 4 VJSUAL DATA UUTPUT) 

HUU 

JUbMbLK 

1 

0«/7b 


14, 302b 

CUMHllLtUR SUPTIf OAlAnAY 


1paf»S«AC4 

1 

7/0 


14,3027 


TEST "UIJui.tr 


I 


I. 


{ 




i 


DESIGNATION 8i SHORT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DEUV. 

NPR 

REF. N 

332 Dataway Displays 







DlTAntY DtSPLtr 

7>4Dti3/& 


2 

//3 



CtHItC TEST HaoULLyD«TlM*Y lliaT’LlY 


m rcA 

2 

//i 


l^tJOVV 

EEHlt DtT*i4*Y display (CtTlliAT StCMUL 
PJlTTEKn SltlREA/DISPLlvED,} TEST RUUES] 

tBOl 

bUHtt) 

1 

7/1 

l 17 

14,4tl4G 

Cltitc DtTTiTlY TEST iNO DISPLAY RUUULt 

LErt«b£/lb,2 

tl&bNHANN 

1 



l4«Jb4l 

B1T*"*Y MERaBY 

tDlSPL.ir > Rt^OASLE REGISTEM] 

C JdQ 


1 

7/2 


|4,40J2 

D*Tl"iY SISPIIY {STONES »HD DISPtlYS 
PlTExAY SIGh«ES[ PtRxgxCtrSlSZBPlPS] 

uo 

jULHCbH 

t 

77V 

1 *3 


OATlxlY DtSPLAT (SEPARATE Rah UlSPLAV, 
TRACKS OR STONES, haRJAL CEEAR) 

2JS 


1 

/74 

IIU 

ia,4Si« 

OATAhaY oisplay 

J2Q0: 

H|^fcllC STSTtHS 

1 

tn 


J4.JDJ5 

DATAhAY display (HlTH MEMORY , TOLEU", 
ONHLthE A TRIGGER MtIPtS) 

9554 

KUCL, bHTtrtP^iiiiS 

1 


Ui3 

14«i0j4 

DATAhAY PtSPUAY 

C 7D4&t*4i(»»fcl 

S|E^LN3 


/7J 

1 b> 

td,J047 

Datakay qjsplav mdduie 

OU«002 

3t'it> tNbthbkUI^«U 

1 

in 

t b) 


OATAhAY display {displays Alio STURLS 
DATAhAY SIGNAL PATTERN) 

C-Pl«24 

tLtrtTHljMK 

\ 

tn 


14.JCJ9 


34 Module Related Test Gear ( Module Extenders) 


CAH4C Mgoubb 1E.STER 


bl KA ST$1br«S NA /74 


14,iOA0 

341 Module Extenders 






CAHAC E*TEnDE» «UDUb£ 

0201 

B1 HA BV3ILM5 

1 i/i 


14,3041 

EXTCNSIUN FRAME CMUDOL5 iXtlMDtA) 

EF l«l 

GLC«bLLlUlt 

1 7/1 


|4pJD42 

MODULb IXTtNOEN C*AhO«6V« »AKP-24V 
RbTKACTA6L£ LOCKIMC UfVlCE) 

ME 

JUbHCtH 

1 7/2 


14,3643 

EXTtNDEK NUQPLE 

(r^tdbD *&<bV AND «(-24V» SUPFUHT AHM) 

IIA 

JUHHAV 

1 //4 


14,3044 

c extkHDbM HP3ULE («i/ac> pns pc £UDL CDNN) 

UDU 

AINLTIC STSTEmS 

1 7/1 

1 4) 

14*3040 

N EXTtKDbR CARD 

tlDoF 

4l»<bUC 9Y3ILM3 

1 


14,30db 

N DAtAwAY EJTEHDEH muOuLE 

907J 

NUCLi EMtKPRlSLS 

1 oi//b 


14|3047 

BUFFERED EXTENDER (VbNSEC PPUPAGATltN 
DEEAT» bo PUEXlBlb CABLE) 

ObO 

PULUN 

1 0A//S 


t4|304b 

ExTtNDtfi ‘■ODUlE 

061 

Fulun 

1 //A 


14,3049 

extenoeh 

CLX 

;:oT 

1 7/2 


14,3050 

HDDUtE extender 

Mb 20^0 

SiN 

1 770 


14,3Ctlt 

DATAHAY extender muduCE 

ta 01 

i^TNO bNblNbbRlHb 

1 772 


t*,305V 

extender (xKXsLENCTh of CABLE 
IN MH SEVUND MACK^ single ntDfH) 
CDllOt DUuALE HlpTH, FIXED SIDES) 
(DITUr 00U8LE MtDTKt hInCED SIDES) 

57;/XXS 

6B13/AXX- 

5B24/XXX 

TtHOAti 

1 /72 

2 77i 

a //5 

L D) 

14,3053 

PRULUNGATEUR PUUR IKROIPS CAHAC CAULt 
CnlREO EXlENDEHl 

41401 

THANSNACr. 

1 770 


14,3004 

PRGLUNrtAlbijR POUR TIMERS CAHiC NUN 
CABLE CUN^IRLD EXTENDER) 

41402 

TRANSHACA 

1 770 


14,3055 

37 Other Test Gear for CAM AC Equipment 




TPAhSltsT DENeRATOPcMnouLt "OISE SRSCtPI 
IBILITY TESILD BY TRANSIENTS UN NC LINIS 

>c 

JLfcKGLH 

t 773 


14,3956 


OEIGIKAIJ PAGE IS 
OF POOR QUALITY 

241 


NC 


DESIGNATION & SHORT DATA 


TYPE 


MANUFACTURER WIDTH PELtV. NPR REF. Na 


4 CRATES, SUPPLIES, COMPOWENTS, ACCESSORIES 

41 Crates and Related Components/ Accessories — Crates with/without 
Dataway and Supply, Blank Crates, Crate Ventilation Gear 


41 1 Crates with Dataway and Supply 


MR! IU192S 09 4X1929) 

1902A 

bUKER 

2b 

/59 


sa^ROui 

VaiUCt HtCULATUR (FUR »|.19»a4V/b4, 
•/«l2V/7A,«/a4V/U*/lbi/24&) 

1922 



/o9 



VOUtAOb PL9ULATUU 2b« UH 40A 

HAX *lTfi blTbRNAL *bV SUPPLV) 

1923 



774 



WOlTAGE Ri-GUtATUS («AND«&y| 2^>A 
27QM HATJ«4S| OSAQuL •'ITH 4Xt922> 

1926 



ffA 



CAtlAC HlNtCNATb (19 INCt^ RACK 
C«bV/tA4 t«bVyBA» *9dV/2Aja24V/2A,200h) 

3Q7,|OOCC 

EDS SiSlfcMTfcCMNlA 

17 

//J 

cio; 

|4,a0o2 

P0<4bHED C^ATE 

HC2U0 

LGbL/UHTEt 

2t 

774 


14,40u3 

POntHEO CMATE n^CVi CRAVE ahP PdfitR 
5UPPUV COUtlHG TU SUPPb CP 1 SP^C) 

PS 004/PAI/VC 9040 

GU-fcLUIUtT 

26 

06775 


]4,40U« 

PO^ERbD C^AfE («&i«bV/40Ai «&«S4V/bAj 
290vy»lA, 117V AC» haX jao») 

CPC/14 

GHtNSUN 


773 


14^4005 

POmLKED crate C-»S*6V/20A; #4#24y/9A, 
aoCvyo.CJA, U?VAC/9,5A, titkX 2o0i^> 

CPC/lb 



107/5 



PCftbHEO CRATE 

IbOO/Efi 

Kt'iETtC systems 

XA 

//J 


l*,a005 

POhEhED crate (42A CAPAblLltV UM «bV) 

1900/42 

Al^ETtC SYSIEhS 

NA 



14,4007 

PtmtHtO CKATb (»*AA dOQM| »&.24V7JA, 
4L«12v/Jif «Ea«V/2dA|«bvy61,^209V/tlAf AC) 

CAM 9,01 

ttbiMjMpfeX 

24 

//2 


14,4005 

PQMbH CRaU (9070 crate kITH 9022 
POKER SUPPtpT) 

9071 

MUCL, EHTbKKUlStS 

24 

7/4 

U2) 

14,4009 

PUnblfLO C(VaTE (4AhO»bvy29A^ «ANU»24V/DAf 
CINCL PUnbR DEdlG(« TTPE AEC432 SUPPLY) 

RSl«b/bCC100ALC432 

NULLi SPEUALULS 

29 

in 


14,4010 

crate (6U«vENTSLATtU«bU FAN«i90n 
»6vy l$i««6V/4A,tANQ*24V/2A|*200v/bCPA} 

2000 

PULUS 

26 

77 1 


14,40n 

PU«lrfED CRATE 

CCHfy-CSAN 

Nur 

26 

771 


S4,4DU 

PO-^iHtQ CRATttSEE P7 ALJ IJ) 

C/ AC3 ]J |>H 

SAPMVMU.SIbL 

25 


c U 

14,4013 

PO"f« SUPPLY [CA»^AC CRAlE) 

CM6l26/ba7l>"/riLUC3 

SAPKVMg^STtL 

2b 

/72 


14,4014 

PDviExtD VLNTILATLO CbATb (tbV/24A, 
•bV/lbA« 4AKC*24V/Sir hAX 400«<] 

C JAL«4J 

SLmluhBEMlEW 

26 

ti^ 

i *1) 

14,4016 

POhEN CRATE C200ii> MAX4»6y/2V3Ar««V/ll}A, 

PC 200b/b 

SL** 

26 

//O 


14,4015 

4A>jD»UV/3A««AhO»2dV/9Af20QV/C,03A) 
PiimtH CKATb (2D0PI ^AA,46y/25A^»0V/)QA^ 
«A*4D*24V/JA,20 0V/0,QbJ) 

PC 30U6/C 


25 

tf\ 



cokhletl puher chate 

CPC iOb? 

SLN 

26 

774 

un 

14,4017 

PUiitfrEO CftATt CSDOKi »6YybbA flH 2!>Ar 
• 6V/29A Oti bSA| max TDT CuRHb^l IS EOA) 

MPC 2076 

3L" 

26 


U4> 

14,101b 

PU»<L^ED CRATE 

(200f<> 44*0V710A, *&<»l2V/2Ar 4L«24V/3A) 

SPC 2077 

SL^ 

26 


U4) 

14,4Q19 

PQKtKtD CRATE C^UrVL'4l|4AND^AV/2bA«4AN0> 

C 7b49b-A2 

SIEMENS 

29 

/7i 

t JJ 

14,3020 

12V/6,SAf 4ftND«24y/b,blr200V/0|lA»200* ) 
Pu-»*.RfcD CHATfc (Saw£ BUT "tth 1 UV AC) 

C 7b4bb«Ai 


25 

7/1 



PU«EtffO CA'iAC CRaTL 

PC5/12 

51 tsulAbbktNO 

26 

/72 


14,4021 

PO^ti*eo CA«AC CHATt 

PCS/fl'i! 

5I‘'D tNb]NELMl*4G 

23 

tn 


14,4022 

PO».eNtO CRATE (StE CMATt C<F A**U SuPPLV 
Pm\ib POO «AT1»*68) 

C-CF ♦ H-lbti 

*L**£EL ELtKlKUKla 

23 

05/75 


14,4023 

PU'-fMFp C*4It (SEE C-CF It Supply P-264) 

C-CF t M-26i 


26 

0J7/5 



crate tbt-E C*CF A SUPPLY P-JOQK) 

C-CF t H*JOOF 


25 

04/75 

U4] 


412 Crates with Dataway, 

without Supply . 






vENtlLAlbD CNAtb (HEAUV OuTY 26 STATIUS* 
FAStUL CONNECtURS, 6U hIGm) 

VC 0^22 

riLC-ELLlul 1 

25 

774 


14,4024 

(SA'*! UiiT KITH ALL PAtC" Vl^fcS BUSSEP AS 
PIH LUCtLAB RCUUlRLMt'vTS) 

VC 0040 


26 

ti^ 



5U CHaTE 29 STAtlL» UUIY, FtTS In 

PS OOod uStNn adaptor pa 1, 

VC. 0V40 

.TfiCvlLLliJl 1 

25 

1)57/5 


14, 41125 

CU’YVtRTS fASTOH Cn»«*-tCTClHS tV WELummelD- 
EO FIXED Pa-LS CUAhELTOO OU ChuSLK COaTF 

/AMM 

bFL-bLl.iUS1 


774 


14,402b 


tn t 2) 


C»H»t C«ll£ U£«OKl»TLt 

(E'lPH tHitE .ItH kI^EO |>*Ti,6Tl 


2,0b4f0u04r^ 




i I I 


DESIGNATION & SHORT DATA 

TYPE 

MANUFACTURER 

WIDTH 

DEUV. NPB 

REF. No. 

c»*u 

9070 

NutL, thTtnp«iat;i 

34 

y/4 

|4,40Zb 

CAHtC CUMPiltHLt CBATF. 

N9l«a/b llD^nv 

NULL, SPbblALTUU 

Zb 

//I 

|A|40Z9 


Nb2«e/5 CC. 100 

4<ULL, 9P(;1.14lU£S 

Zb 

//2 

14^4030 

CH^Tb »^ITH OlT^«<iY 

C^Uf VE^TIlATF^p K(I 29 STaUUsS) 

0C2 

PUbUH 

Zb 

y/b 

I4.4UJI 

UhPU«ibtttp ChAFF i*lTH OATAnAV 
{f»Ut £HPTU« Yt^>lLATtr)p NU fhKi 

012 

PJbUh 

Zb 

//t 

14^4QJ2 

C>^ATb -ITh D&u«Ar iJbu *•**: 

Cn 

&AK«iyr-u»aitL 

Sb 


i4*40JJ 

(«t) 

Ch bl2b/bd/0«* 


2b 



USPUAtRbP CHATL kMH [>ATA»Ar 
i»p[} bUNNbCTLiRS 

uHt 2029 

aEN 

2b 

/70 

14,40^4 

ChATt (n]HED CHATt) 

f<CS 

SINU 

Zb 

/« 1 s; 

U,40Jb 

^EKku CHatb C'^tAvT OUTVp j Fan t 
UNiTt dU| USI prlTti p»lb6« (**2b4« 

C-CP 

*i£N^tU LbtAIHuNlK 

2b 

0J/?b 41AJ 

I4,afljb 

CKAft JAtAflAY AND ViMTltATlUN) 

c 7bA^b-AJ 

SI&HbhS 

Zb 

//2 

t4*40J7 


413 Crates without Dataway, with Supply 






CAHAC CMAte 

uti aon^.^001 

DUKMtN 

NA 

//4 


>4|40Jtt 

(»6v/2bA,«bV/12|bAt*A«Z4v/bA«»fr^l2V/4A) 







(SAHb NtTHQur «S»|2V dUPPtY) 

DU ZOO«iOU2 


NA 

//4 



417 Blank Crates and Other Components and Accessories 





lUCK 8LQ«E‘< (t 0 Hlcn, <*li St uatD xlTK 

NSl-Qb2Jb*Hb 

NULL* SHLUAUTILS 

NA 

07/Fb 


ld,4QJ9 

llM SCOUP i|S[>l2t09TtS PIIU M( ttf'Ei:,) 







CP.'t CaUitHPtYi 2b STlTldttS) 

HCF/dLAM/b/2b 

lNtiuF-«t0LU 

Zb 

/71 


14*4040 

{S*HL BUT »ITH 2. SliTJUhS) 

MCF/5CAM/b/Z4 


24 

/7Z 



CBiit («Uit*<PrY(PlTH uttruAllu* BirtLt, 

«CF/OCA«/5v/2b 


2b 

/7i 



2t sin:(l«s, HiBhtt.). rYPt 7#0*J 







(SiPt Sul ’•ITP 2< STATIOPa) 

MCk/bCArybV/34 


24 

/7Z 



CR.lt (aUitPPIY)klTH VEhTlL.riUY Btfltti 

KCF/bLAW/SvflyZb 


Sb 

/7I 



RfHUviett PiUttr 2!s STBS, htRPttL rORQ) 







(9.Ht UUI >ITH 24 SIATIUPS) 

HCf /bCAK/bVR/24 


2.4 

f72 



CtM.t CR.Tt. (£PPTY) 

Z^ObOjOOQfb 

KNULRK 

Zb 

//« 

( 2) 

U|4041 

C.M.C CH.IE (E"PTY,INCL HlHOh.PL SUPPLY 

2|Otib,000«A 


Zb 


( 2) 


CM.SSIS **iD YtMtlLlTIUl. PlHtL) 







C«".C CUPPATIBIL CP. It 

N5t 6/b 00/<»V 

huGUi aPt&lALTlbfl 

Zb 

//O 


14,4Q4Z 

t.«lC CPitt (UB«IRtB) 

hSX »7b CL 100 

NucL* spuiAtnta 

3b 

tn 

1 SI 

14,1043 

CH.SSIS C.P.C <S UMTtS .VtC PtNlt 

990b*ipOS 

USL 

Zb 

//I 


14,4044 

DE VtKHt.TtUPj b24 «P PROFQPDtUP) 







cseo PH PKuiaHDLjK) 

V905-Z-05 


Zb 

/71 



C.M.C CH.TE pJIh vENrtt.TCUN B.FHt 

9flObMVOJy9fl/b2b 

ciat 

Zb 



14.404b 

( «U, 529HH DEPTH ] 







( S.Ht BUT atTH 4A0HH DEPTH ) 

990bbMVdAVO/9a/460 


2b 




( a. HE Bur HllH 360HM DEPTH ) 

9S0bbHV3AVD/pb/d00 


Zb 




CR.TE (6u, EMPTY, VEHTttHEB, nU P.H) 

010 

PULUN 

Zb 

n\ 


14,404b 

VEHTlt.TED CR.TE SU PO"tR HU D.TA«.Y 

ecu's 

not 

Zb 

n\ 


14,4047 

(T«U r.NS) 







(S.H£ alTH 3 P.H3] 

CChnA 


Zb 

in, 



UHPUaERtO CRtlt 

uc zob/ 

at** 

Zb 

//4 

111} 

|4,aQ4B 

C.H.C CK.TE (LHRTY CH.TE) 

c 

STNU tNUINttWINO 

2b 

fiz 


14,4049 

CHASSIS C.H.C HUPHAtlSL Su 

4o£0b 

IRAN^RACK 

Sb 

//4 


14,40b0 

(tPPTY CH.TE, JHO PH UEtPI 







(as7 FUH .bQPP . ■aS FCIP S2SHH DtbPj 

4020» 


2b 




CHASSIS C.H.C SU urtLtS CfHPTY CH.TEjSU 

4QZ0i 

THAN9KACn 

2b 

//4 


14,40bi 

IOr*C,j6oHH Dt£P,Vf HTlL.TItlH H.RUhARL) 







(as. AUtf .80HH . aaS POh S2Shh DEEP) 

4020« 


Zb 




CM.SStS C.H.C 5U UTItES rtHPTY CH.Tt.ftU 

4O2C0 

THAn$kALh 

2b 

i/A 


14,40b2 

TOTAL, 3baHM UELPipITH ThO PAHS] 







(ail roit 4&SHfl I a>2 FOR 929HH DbEP] 

402D* 


2b 




C.H.C CR.TE (EhPTO heavy DUTY 


Ubu/xXULartKlUUlCA 


773 


14,40bO 

SU »1TH VLHnt.TlOH U.EFce 

9V0b-bHV 


Zb 

773 



bu HUH VEHIiCttC 

gyOb*bH 


Zb 

//3 



depth UPTIONS 36DHH, JfiOHP, b2SH" 







C.H.C Ctf.Tt "JTH VtHTJtHKJH S.FPtt 

yyObbHVdAVU/Sll/bZb 

0St./*lLu3NtK|pUvXC:4 

2b 

tn 


14,40b4 

(6U, b2S»H OEPIH) 







(SAME BUT "ITh .£0 OtPTH) 

9yObbnVdAV0/Utjy46O 


Zb 

// 3 



(SAME BUT HITM J60 HM DEPIMJ 

y90bbHViAvQy9b/J^O 


2b 

/73 



vEhIIL.IIUH uHlt 

CAH/Fw 

Ihnuf •tftDLU 


/73 


|4,40bb 


origime; page is 

OF POOR QUALITY 
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NC 


DESIGNATION & SHORT DATA 


TYPE 


MANUFACTURER WIDTH DELtV. NPB REF. No 


tfr%T JL«T1 iin uUlt,Lu"fl.ttE 

2,DEl,QvO|P 

3Vr<Ot.*l’T 


//V 


■ ITn ) Pf,s ••■O HLie'*) 
(vLMn.Allil'* o%It,nO Ultmj 

2,ee3,000|O 





Jicout' {StijPS trPsci 



N* 

//I 

i4,4(]iir 

UK.vihTlLUtl) !►. MIL*, IJ "U>") 

v» 206/ 

5E ' 



<m ta*fl03d 

Vi.r,Ul.«l hOuulL 




lu liMIlt 

t Ul> 



m 

l«|dU9V 

ClMO EKTEMDtM tPtlS SuPPLr Of 1037) 

CE 2061 

StN 



14g40OtJ 


42 Supplies and Related Components/ Accessories — Single- 

and Multi-Crate Supplies, Blank Supply Chassis, Control Panels, 
Supply Ventilation 


421 Multi-Crate Supplies 


Supply svsriM snc5 

CiRN«t5M»CJ/72*ai) , CGWvptSlNG 
BASIC CH«rE.(FUR SUPPLY HyiULtSf [NCLUBES 
ALFbPtKCCfCONYMUv and 2DQv/0,i&) 

Supply MyDJLE.( • in typl e p Hjh pus and 

H PUk NEC OUTPUT VOLTAGE frv/ ) 

nzv^ 3*) 

UA't/ 5») 

CHU/10 

CFC 

CA »/0 

CF«/i2 

CF4/24 

CHtNSVlN 


//I 


14,40bl 

PQinEk SUPPLY STSIEk (CPAtL) 

(MGDULE options aS FulL0»3] 

PLutK Supply s y/io a 

(SV/c!OA £■ 6VyiOA OPTIONS ALSU AVAlLAtllt) 
tS V/ 2 A 

(ALSU UV/AA4 7kt tfiA A 2SA UPTIUnS) 

U Hf t|2A 

(ALSU ?dV/2,SA« 3,bAf 9A & itiA OkTIQNSJ 

CAd»*T20A/lbtiHt JQA 
bP /b 6»1U 
esN 

biiN 

SAMHYMiJis^ltL 


//? 


L4 ^40b2 

422 Single- Crate Supplies 







PQiiEl, SUPPLY cuOLlMi uMIT C*6v/*S1, 

•ev/i3*,*(M2*V/b*. 375m, 2 u ftN ut<]l) 

PS 0004 

LECuLLLiUtT 


Ob//b 


lA,40bi 

LAHtt PUr 5H UNtI <«6Y/15t,MtV/JA,t2dV/2A 
■2«V/SA,200V/0,D5 /i 1I7VAC) 

CPU/4 

LkfeNSUN 




]*,dUbA 

LAHXL PUMER supply • PACK HtIUNTiMC 
( t AY 720*1 lAV /3A,*lM|lM2*Y/5A,iO»Y/«,05A) 

CPU/2 

UNtNSUN 


/n 


lfi,40ob 

CAMAC PUmER supply - P*C* MUuMIlMG 
{»6Y/ao*,»6V/5A, AtMlJV/aA, «t*2dV/JA) 

CHU/b 

GhtNSUN 


//I 


14 ,40l6 

PUrEH supply crack HUU>itlUU,»6V/25A, 
-bV/lSA,A/N9M2AV/3*,2ll0Y/0it*) 

CFU/b 

LKL>tSu«< 


//I 


14|4Uh? 

PCmLH SUPPLY [SACK MUU»)Tt«l&,*bY/23A, 
.6V/|5 A,*ANCm2ay/5*,y*lDm12V] 

CPU// 

LKLrfbu^ 


//I 


14|400« 

PDmLH supply («6Y/:0A.-bV/3A, 
«A>l9>24V/6A,2e0V/0,C3A) 

9DQ1 

MJCL, ESttMkklHES 


//I 


14^4069 

POmSh unit [y5v/1SA,m5V/J«, 
*AUS-S4y/2A,2DDV/0,D6A] 

Q022 

NULL» LNTbHHHXbbS 


jf\ 

K 2J 

14,40/11 

PU"fcH SUPPLY CeACK Muu*-ri«c,»6v/i3A, 
• «V/4A,AAhDM2AV/2A,<200V/6«"A,lJlJa ) 

czc*io 

MyLLiN 


//i 


14,40/t 

PDmEM uhtT C43V/SSA| •GV/lSl, •24V/2A, 
•24V/2 Ai2DOV/0,1A) 

SP *20 

Pu<^LK Ei.LLTKU>-lLS 


//4 


14,40/2 

PUmLH uM[Y (MSVYSgi, mSV/ZSA, t24Y/3A, 
.a4V/9A, SiOY/lOOPA) 

SP bbft 

Pu*tN tLtLTh'.Y’.JtS 


//b 


14,40/J 

POMfcM SUPPLY C*6V/25 * ,m6U/3A, 

«A6 U- 12 Y/2A,**f,0'24V/]A,2DOV 70)14 ) 

C iOJ 

kyf 


//I 


14,40/4 

00"£R SUPPLY uhli .H4IL7tN4Ntt U6LY- 

(A6v710A,-6V/2A,»AkiDM2‘IV/t,5A) 

(♦&Y74A,.6V/1,5*,*A*iU.J2V71,!iA, 

*1ND*24V/| ,5t) ■KAILTLKANlt UYLY- 

PA ALJ »J 
Pe> AbJ U 

&Akn¥ky»SJtL 


fn 


|4,40/& 

(46V/23A,M6Y/1DA,»A'YUMt2u7JA, 

4AM0-24V/J<,42!)av/a,tAiM4A 200«] 

P7 4LJ IJ 

g*w>,¥"U-SttL 




14,4U/b 

POmEH supply (*6V7J2*,-6\/32*,y24y/ 6A, 
>21V/bA,42aOV/,lA,JOPM, PU>t» mil L*P) 

PS 205? 

Sfc-v 


//fl 

oi> 

14|4il// 

SUPPLY ttA,(I)MbV/2bA, •4*.0-12V7b,bA,(4>.UM 
24Y/b,5A,20IlY/0,tA, H7V »t , 200» P4*> 
SUPPLY C3*ie Bur »IT«Our 117v AD 

C 7b4b5*AA 
C 7eiAbb^Ai 



m 

//2 


14,4U/b 

PUMtP Supply ( »Ari0M6v/(ii ShanLU anc 

,AMl-24Y/2i SHaBLD, ME.TLRI*t, UF ¥ A'lp 1) 

U2b 

at <L LsLI*-bL<«lM- 


ni 


I4,4t/W 

PCiMtM .supply AhO BLUm£b UKII 

1410 

Sr‘*J tNL.I'MLLHiJbb 


//2 

1 b) 

lAyAOHU 

C4"AC PU"tR Supply 


bCY-o fcNL;<LLL^i^L 


fri 




> I I . 1 1 


NC DESIGNATiOM Gt SHORT DATA 

TYPE 

MANUPACTURER 

WIDTH 

DELIV* 

NPR REF. No. 

CAHA{, PUnLtl aUP^LV 

IbIQ/dS 

STNJ LNOXhbkNlMt 

H|A 

//2 


C Plu(>»1N PQnin SJC'PlV 

P-lbft-1 

tLL^TNuNIM 


va//^ 


€ PLUE»*1N PUi>£> 3 3JPMLV Sb«» («»AV/10A# 

P-2bA 



0J//b 


»»13V/2A,*«ZdV/2A«tl7VAC/JPT«*4!00V/4 0NA] 
PLU&«|N (*»bV/iS6f 

*«l2V/JA»*«3dV/C)A4 fSOOV/lUO^Af I L?V4C) 

P«3Q9P 





427 Blank Supply Chassis, 

Other Components/Accessorles 




POmLm SUPPl* CStANDAPd) 

«C^/d/PHC 

Iri'iUFvObPtU 

na 

//L 

//J 


P0*bH SUPPlV CR41E (K^lPbD) 

NtF/PPC^"V 


A«A 


HC^ASSIS (EHPTV supply LHASyiS) 


KtsutNh 


//u 


PDrfEH SUPPLT SLPAHATt ifUPPLt} 

C.feA« 

KUT 


/n 

14,40gti 

uiirfS s*i|Tch ae&i'«^emv 

HS J 

t^bC^ELLlUH 


tn 

|O,40U7 

PUnbK t^DtCATUP 

070d 

NULL, tf<TC.»PhlStS 

Ni 

f/a 

14,4Sob 


43 Recommended or Standard Components/ Accessories — 

Branch Cables, Connectors etc., Dataway Connectors, Boards etc., 
BJank Modules, Other Stnd Components 


431 - Branch Related {Cables, Connectors etc.) 


URANCM HXCHtiAY CAt)Lt 

B102 

Ut MA SrSiLMfi 4 

/7J 


14,40b9 

BRANCH HliiHaAV CABLi 

HNOOl 

LU&L/UHfEC 

/VI 


t««A0V0 

BRANCH K((,HiiAy cable 
(« tTH CtiNNECTQRSr 27 LBNC) 

SAHL»«a*BObr, to; b 207 LURriLSP 

tbNLTH IN C*'f01HbP LbAiC»*YS 3Q 9PtC URUtR 

BhC 027 

BhC *•» 

GEc«tLL;un 

4?2 

tt2 


ld,4UUl 

BRANCh KlCHwAV CAQLC ASSbHRLY 
(kXTh CONNbCTQRSf P7 CM L1IN&) 
(XX CM LilNG^PVC JACKET} 

CC bb PUL Pb«27 
CC 66 PUL Ph«AX 

HuUHE.6 

VVl 


1A,40VS 

BRANCH hIGMMAV cable . 

(CUMPJ.LTE PFFE carle ASSEMBLY , 27(,H tUNliT 
{*»*■ }07, ^07 • JP CrUSta^LP SBLClFlCD • 
fUM LaRKESPQHDIhS LENGTH IN CM) 

CU 1B067*27 
CO )B0677«»* 

HUbrLS 

/70 

V71 


14,A0UJ 

BRANCH H[UHnAV CABLE 


JUbHBLh 

% 



|4,40V4 

BRANCH CABLC hITh CONNECfOK 
(1,5 FT lU 7B FT ttlNJ*! 


JUhkay 

/VI 


14, AOtfS 

BRANCH HlCiHfiAT Carle (6b TrflSTtt^ PAINS) 

CL VQ 

SlHLuHQbHBLN 

//t 


14,4LV0 

BRANCH nlGM«A? cable ASSfHbtT (CuHPLCTt 
4»lTh CUNNECTUHSi LbNk*TH 27 t”) 

(SAME, XXXsLEHGTH in cm, 040«100 ETC) 

(1HC 27 
BhC XXX 

SfcMHAPbeNNLT 

V/2 

tri 


Id.fiOVV 

HkANLH nl&HNAT CablE 5(CJHPLE1£ 
CtlNNtCTUNfXiX lENDlH IN hLlEnS) 

2Q0D7SJ2/AXA 

TLkJAI A 

v/t 

( 4} 

1«,40VU 

BRANCH niCrHNAT CUNNELIUR [FREE HtHbbP* 
PIN MUUUOING nJT'* MEUL PIN HNUTtCIUh) 

xSS0U2PQobNt]27aM 

HUbniO 

//j 


14 ,4UV9 

branch HiCiHKAT CUNNELTQN 

(FIXED ‘*Eh4LN|S0CKET muuluInG) 
(FHfct H6HBEN.PIN mUulOINO, 

PXA YVT SbVeCTS JACKSCNb-n) 
hUUU (FUN fHEE 

"SbOl J2S00BNJ0O 
"bSl)lS2HxXbNTYY 
nAC 0JJ2 hOOb 

HUbnti) 

//u 


14,41Ul 

EXtbNPtD BKANCH CABLE C'^ST IELL* 

P^UNt CABLE FCJR lung BRAyCh RUNS) 

EcC xxxx 

(.tL-tttlUlt 

//a 


l4i41U 

bnanlh hichaay Cable only 
(P^A lN PVC JACKET) 

tt) HUL F’B 

nubHEb 

VVI 


l«|41b2 

BUANCr- hJGhi^AY CAHLE (U?«aAT) 

LlY*YJ?L2Abf OKH 

LLUNISChL 

//a 


I4,4luJ 

BHANCH nlGKitAT CABLE (THbE U2 »»kaV ^ITh 
H fTALlStO PULYtSTtR 5C«tlNf P\lC JACKET) 

L12T(ST>«6Qa2XU,1H 

i.t'iN!BCr*b 



lA,41u£ 

CABLE FUN BNANL" hic*»«AT (PVC JaCkLT) 

(BHAtPEt> htLSAN JACKET) 

(mePLAT 20hhX}c,Shh«GAJnL PvC NUIR) 

1J2 PE Lb4 
132 PL 210 
132 PL 2W1 

P»LL]LAt>UC 

/VI 

//2 


14«4WS 

CABLE txTtNSUiN hOOIjLE 

(JUINS ThU branch HliiHwAT CABLES) 

cu loiao 

HUbntS 

v/2 


14,«Uib 

bHANCK HIGHWAY lU PCP«11 (CUNPLtfE 
CUnnECTUHS# XXX* length Jn “LTLRa) 

SdUb/P/i J«r/AiA 

1t»uA(A 

VVJ 

1 b) 

14,4107 

BRANCH n2GH*AV JusCTIUn HLX 


T LKgA ] A 

VVb 


l4,«lJd 


OHGWAB page is 

rOOB QGALnY 
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NC DESIGNATION a SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPB REFUND, 


432 Dataway Ralated (Connectors, Boards, Assemblies) 


aOT)»<ESS b hiJ«4CMUr« r)^C<lllIS(• 

AFD 2Uob 

BLN 




14«410Ci 


DM-i 

blNU bNblhbbNlhG 


jn 


la^AiiO 

D4»A"it (f-Hh Ci)^»^LClU«B} 

llBb 

itFHHHANhi 


774 

UuJ 

14,4111 

OATl-iit SUC«ET CU«HttTf 

•<IT« 26 CtiNNtCTUHS) 

CIM 

HDt 


7/0 


14,^112 

D4U»AV HlFyl p»afrPP]r.l, 

<»^UIm^KUOAHU MlTt4 Zi DATl>«il } 

J/D" 

bAHMVMU»aTLL 


771 


14,4113 

DfcTiAit HOTMtRfJijAflU 

DM 2 

SIMD tNli|Nbb> tNU 


77 2 


14,4114 

D4U"iV CUN^ECTtiH^ EDC» •Ivt't II 

l-16Jfa33*li 

AMP Ab 


7/U 


14,41 lb 

(«|M£ 4RAF) 

(TEnHl.POtMT/kXRt irRAP) 

l*IbJ634«D 



7/U 



CHQWERSniHD $nLU€R) 

)«tbibJb»D 



770 



9(JlOE«) 

l»lbi636"U 



77U 



OATAhAT CUNMECTUN kIIm C&HD bUlOtS (nAND 
SUUOfcRi PIM SCLUtH ( *4]»l«fit<AP} 

PCtJ0AJN/7*lbPD 

bOKNDT 

NA 

774 


14,611* 

QATAHAV CUI4NECTUW 

LAi P43 0401 

HUGHES 


7/1 

( 2} 

14,411/ 

CAMAC t>ATAi*AV COKNtCUiH (fe ]N9tR1 A ^(]N 

solder TAO# B SUlDER pi**, i *‘{>•1 

LOJO OPbP 2b * bL 

ITt CANNUN 


77J 

1 6) 

34,4116 

CAHAC«LtISTk(QATANAV CQN»#rCTU>J#MiRf nMAP) 

AtDDOiObOtO 

hkuBrh 


776 


14,4119 

OATAtiAII >C.HAUE CU^NEVUIR, 

2422 061 043J4 

PmIlIMS 


771 

1 63 

14,4120 

**1 fUR «m£ SOLDFRp 6 M<R PUAMQ 9LiLPF'< 

242^ Obi b4j>4 




1 53 


DAtAJuAf hauE CU»4^LETUR <haTIHG C^AU 

ab*MAV COhkLCIUP 5UC>(LT) 

2422 ObO 14414 

PMltJPG 


ft2 

1 6J 

14,4U'1 

CU^neCTEuU ?b4 OUu^Lt FACE 
(PAtANAV CQNNLCTORffilRE hRAP) 

234 OF 43 tfnV 

SUCAPbX 


77U 


14,4122 

(MUrHfPBUAKP SULOtP) 

264 CP 43 ATV 



770 



CpIRL dOLObH) 

2b4 OF 43 AZV 



770 



DATA«AT CUNNFCTOM (h1»<1«^RAP ] 

BbOA* Bt 21 lb 300 

9UUH|AU 


771 


14,dl2J 

(HlflE-&nLOtR) 

6605 66 21 10 OOO 






CFL0»* aOLPbR) 

B6C5 B6 21 14 OOO 






pATAftAv cLI»«KbCTLJR (**2 FuOk* SQLDbHr*«3 

C 2&B* CSP 231 

UbCL 


771 


|4*4U4 

30uaER LUGSp«kA PLATl*^!*) 






(ULII 9UlO|£RfN| • Ay PLATI»<GJ 

C 866^ iSM 221 






(U **)Nl««aAP CUnIaCTS, OTHER A^b 

C 2L45 C5H 221 






90LDtR,Rt * Ay PUAtIhQ) 







<•■7 HiNif.RApj*Be auuDiw ^.ucs, 

C 2BB* CSP 221 






♦ AU PtATlKO) 






hquMJ^^G URACKFTS for APUVb 

C n633 






PaTAhAT CD^»«ECTC^R HDUO (A3-nAT OUUUUL 
SlDfcO, 2,^4 MH PITGM CONTACTS) 

B 4061 

TEMDATA 

1 

77b 


i4,di2b 

433 Module Ralated (Blank Modules, Patchboars etc.) 





CAHAC CAURVInG CA3t (lAAtS fi HUDULbS) 

C/NCCBH4 

HLNtSA 


773 


14,412* 

CaHac carrying Ca 3£ CTAKES 12 HUt^GlLS 

c/NCCia-5 

HbHbSA 


/7J 


14«4127 

BLANK HUDUtt Kit <SiNGLt hIOTh) 

BH 1 

GbCiEuLlill 1 

1 

7/J 


14,4126 

(SAHEj»&2r^ A A FOR LURAfSP «lOEr») 

BM • 





SiHbLt CARP MOUNTING <ll 

CA*4/MtyA 

IhmuF *BbOCu 

1 

fiZ 


L4,41ZV 

(FMPlY Myou^,E,$HURT SCRtCN PLAttJ 
1 A fur lORPtSP »1 UCh] 

CAH/H«7A 



773 



GLE Card mounting «jt (lmptt HUpuLt, 

CAM/Hl/0 


1 

7/2 



CtMWtY HCJOULbiWO^CT SCOLLN PyATtl 
CPAHi,*BE,J A A FliR CURPESP •*IDTn} 

LAH/M./B 



7/3 



CAMic HAROitARt 

CH-DOl 

Al'vbtlC biSUnb 

1 

7/1 

1 4) 

1A«41J0 

CAKAC^KASaettfc CLMPTY MOfiULti*IPl« W2t») 

2,090,601,6 

ANULRM 

1 

770 

1 2J 

14,4131 

C*s2j3,4,!i,C, FOB cOHwESPONOInG -iOThS) 

2,000, «0«, 6 



7/U 

CAHAC compatible module {EmPTT< -IPTHSJr 

ALSU IN 2 & J viMT mIDThS] 

N9I B7Q DM 

NULL, SMbLlALIILS 

1 

7/0 


14,4132 

CAMAC MUDULt (EMPTY mOOUlL fAHO-aRL) 

NSX B7b CM-lOD-i 

NULL, aPLUALTlbS 

1 

tr2 

t 53 

14,4133 

(5AML, »s 2, 3r A A FOR CURKLSP **lQXr*) 

N&l B7b CM»10O«t 



//z 

1 53 

CAHAC HUOULb.SMltLPtC (t^PTt, 1 *|UlH) 

Nbl-B7b-Dtt/SPM-i 

NULL, SHtClALTlES 

1 

771 


14,4134 

(SAME, *t2, 1, Ano a Fijk CURMFSP «>I0TH} 

NBJ-87b«OM/5PH** 



/71 


CAHAC module CtMPTT, 1*5172*)) 

021 

PiJLl«h 

1 

7/1 


14, 41Jb 

<■22,340,6 & B i\iU CORRtSP hIPTM) 

02* 



7/ 1 



(iSCA2 friR i-JOTM 10 A 12 PtSPECT lYbLT) 

03« 



771 



tHPTY hudUlE 1 UNIT 

CCA 1 

KUI 


770 


14,4136 

tSAHt,«i2,i K 4 M)w LnRMtaP *10f'*) 

CCA * 
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DESIGNATION & SHORT DATA 

TYPE 

MANUFACTUnEB 

WIDTH 

DELtV. 

NPR 

REF, No, 

EHPrr KUfiULE n APP 

SUPI'U A FUP U FUM LftMr 9l.HtI'»<SI 

CHI 

SL^HAaPtNHLT 

1 

//i 



(0nu» t FUH CUHMt&P »10th) 

CH* 






HUPul.b hi,\iOniini (fnr-v MUOuLt, 

U3U AVAILABLE ( UP lU fi/2b} 


St^U ENlrlHEbHlNQ 

1 

y/2 


|A|414U 

UHUIRL HOBULAtAE PJUN CaRTL bAdLULA^TL 

41406 

THAH$kALK 

2 

//a 


14,4140 

t£HTV HUOUU FUH Ht^GCti (AND) 

TIHUlftt HODULAIHE PUuft i Ca^TLS aA^CULt 

(E»<rr huoule foh ? niunhu cakos] 

414U6 


4 

in 



TIHUlk «UPuLAI«t ;£PPTir «0DULt*»i»U2a) 

IH 5D12B 

TMAnskaCk 

1 

//^ 


14,4140 

C*b?i9»4 1 b fun cORNESPU^DtNC XlDtH)) 

Th 60*26 






C*ft>Ub|06»lC AMO ]S FOR CUHRL9P »»torK) 

TH 6*a25 






CAMAL HUOULE (L-MPtYrUSb CARD H()UUL^ > 

CAhcAS 1 

•ILLShEm a bUiCK 

1 

//I 

L n 

14,4141 

A a FUR CURPESPUNOIhC niUrn) 

CAHLAS a 




( 8} 


CAhAC huPULE (EMPTY,i/?b CARO hlJuulL> 

CAHCAS lab 

aILLShEH a uuICa 

1 

f/2 


14,4142 

C«a2|j B a FUR CUR^ESPlIfrOIMD itlUTH} 

CAHCAS a*b 



tn 



CAHAC HUDULE(EHPTY,|ySfi SCRLb^LD huUuLL) 

CAHHUp lalf 

hILLShEh a bUlCH 

1 

//8 


1 4,41 4J 

(•ts2r9 A 4 FUR CURRLEPUMdIKG 

CAHhUp *«b 



tn 



CAHAC HUDUUEtENRTY^gySb SCREfciMEO huduLL] 

CAHHUP 2 

hILLShEn a uuICh 

2 

n\ 

( ?) 

14,4144 

(•si A 4 FUR C(SRR|9RUNplNS •IUTN} 

CAHHUU a 




t 2) 


EHTY HUPUIL hinged cards (2/2b; 

V906aLB2 

liSL/alLLSMEHBUtlICK 

2 

i/S 


14,4146 

tJ/saj 

9006 aCbJ 


4 

//i 



BHPTr kuoule ci/aoj 

9906«bTl 

USL/hILLShLNAUUICa 

1 

til 


14,4146 

(•«■ Y2| T3< I4f TSt tS, T}0« 

99U6«6*» 



rn 



ANQ T]2 FUN COPRESPORDING t'lPfK) 







T1HU;R HUDULAIRL PUUP CUPHANDE 

9906aTCal 

DSL 

1 

n\ 


)4,41«7 

TlRUtR HUPULAIRk DE CQHHiNDk 
tlUPPLY CDHTHOL HODULEJ 

41/Qi 

TkAKSHALK 

* 

i/M 


14,4146 

tiLlHR CAHAC MODULE PC BOARD (GULP PLATED 
( ETCHED FINGERS RUTH SlUES) 

NS]a04D/laPC 

NULL, SKEHALULS 


in 


14,4149 

G£N£RAt*PURPOSE IC PATCH BUAHp 

1B606 

VEHU tLEClkUMCS 


if* 


14, 4160 

HK«1 KLUCE huddle 

B301 

HI HA STSIEHS 

2 

//j 


14,4161 

(131 HIAEO 14, 16, 24 PIN SUC4LTS) 
HK«$ 4LDGi HUOULE (HAS TQ M PIN, li 

SJ06 


2 

//j 



AND 2 24 PIN WIRE wRAp SUCKEIS) 

HAab KLUOE HUOULE (HAS i4 14 PIN, 

16 10 PJN 1 J 24 PIN HIRE hAAP SOCKETS} 

SJ06 


1 

//i 



CAHACaUNIVERSALHSOAHUCPRlNTED CAHD KUOUa • 
LE f<lTh 2B |4aPIN f 2B tOaPlN SULKEtS) 

UU 2D0a>2990 

UUHNlEH 

2 

//I 


14,4152 

CAHAC pRurorypc assehsly boakds 

HX Ul/HX U2 

GtCaEuUUU 

Ni 

in 


14,4153 

(MX D1 HAS 66 9tTF3» HX B2 HAS 6 d SITES) 
(HX S3 HAS SB 8tlES,Hx B4 HAS BO SITES, 

HX bi/Hx U4 


NA 

it\ 



NX Bi/HX B4 include bV CIRCUIT) 







Printed circuit test board 

10 

JUHHAT 

1 

it\ 


14,4164 

KLUCL QUAkO FCR H]RE hRAP 

15 

JUHhAY 

J 

if* 


14,4165 

KLUGE CARP (FOR CREATING YDDK UHN CAHAC 
HUDULE9) 

2909*36 

Klr,ETlC SYSIEHS 

1 

in 

ifi 

1 4) 

|4,4166 

KCUGb HlTH 52 PasnCUN 20 CONhECTQR 

2000«a2 


I 



KLUGE hITh 25 POSITION'D CUNNfcCluH 

200Qa2b 


1 




EXPEH1HEN11ERPLATT& 

4,000,067,0 

hbUEHK 

NA 

no 


14,416/ 

(PRINTED CIRCUIT GOAHO) 
ExPEHImEnTIERPUAUE (R,C,8,) 

4,0UD,QS6|O 


HA 




decoded HATRIX UUARD (FUR hnututtPe 
hiring uf 64 i4aPiN Sites, a«f oecooed) 

U 21 621 

NULL, LHlEkHKlBbS 

V 

//4 


L4,416S 

hODUlL printed circuit BUARDSCtAKE 24,16 
DR 14 PIN, On The mhulE 1092 PInS) 

cap 1 

tJtfJ 

N4 

tn 


14,4169 

(Same, mITH h|n 1*^HAP TU OV ANP tOV] 

Cap 2 


NA 

//2 



blank KvJOuLEcCOHPLtTE hITh PRINIED bDaRO 

6H 2020^10 

St'fc 

1 

no 


14,41dQ 

FGH 69 integrated CINCuHS,! U hIDTh) 
(SAHb,2U hIdTh) 

an 2020/2U 


2 

no 



EiPtrtlHENl PLATE 

C 7246tial45i-Al 

SltHtNS 

1 

//2 


14,4161 

437 Other Recommended or Standard Components/Access. 





RIUNUN cable fun Li,^ GRAlJfH 

(XXX DENUIEB LENETH in h£^tfHS) 

5 400J/KXA 

fb^UAl A 



ll4> 

L4,H62 

NSHyCAKAC APAPTUH 

NCA-t 

r*Lt-tu.lui T 


n* 


I4,4l6j 

N]H ADAP1UR 

90/2 

M,Lt, ENltHHhl6L& 


nc 


I4,4l64 

NIH«LAHAC APAPTUN 

CAN 

HUl 

NA 

in 


ia,4|o6 

NlH/LAMAC ADAOIUh 

ANC ID 

SChlu^UEhOLh 


if2 


1 4, 41 66 
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NC DESIGNATEOM & SHORT DATA 

TYPE 

tVIAMUFACTUBER 

WIDTH 

DELIV, 

WPR 

REF. »o, 



5t ^ 

0 



l4,alo/ 





j/i 


14 ^4|oQ 

fdqtH, CukNECTf'Mb) 

LIjL 40 






la** I'HAUkH L4HLf 






14,aSbB 

t-AHLtt txts tfStiTh If HtTtwbl 


ItAU&kA 


//3 


]4,41/U 

TA«L5 PI*- 

0 fclti bi P 

|ri (.AtaMiU 





CliiiUU (PAMt CAri;.fc 

K& tjUa^bC 

LL-I» 


v/y 

1 

14,4172 


£-.ivstCTuk HAS iTi’l ^ nr,,ii>bc’ u. ♦■S Ou*?byj 

1» ^ i,*AptPr|-H^. pqLt u.it»iLc AM( 

AHL iL^U AyAltA^lL 


INDEX OF MANUFACTURERS 


AEG-Telefunken 

Elisabethenstrasse 3, Postfacb 830 
D-7900 Dim, Germany 


AMP AG 

Haldenatrasse 1 1 

CH-60Q0 Luzern, Switzerlarrd 


Applied Computer Systems Ltd, 
2 Charlton Street, 

Manchester Ml 3JL, England 


Arsycom B.V, 

Kabelweg 43-47, 

Amsterdam 1016, Netherland 


BF Vettrieb GmbH 
(Sales of F & H Products in Germany) 
Bergwatdslrasse 30, Postfacb 76 
D-7500 Karlsruhe 41, Germany 


Bl RA Systems, inc. 

3620 D Pan American Freeway, N.E. 
Albuquerque, New Mexico 87107, 
USA 


Borer Electronius AG 
Postfacb 

CH-4600 Solothurn 2, Switzerland 


N Borer Electronics 
Box 17-126 

West Hartford, CT 06117, USA 


Burndy Electro AG 
Hertistrasse 23, 

CH-8304 Waliiseilen, Switzerland 


Cannon Electric GmbH 
Bureau Schweiz 
Friedenstrasse 1 5, 

CH-8304 Waliiseilen, Switzerland 


Christian Rovsing A/S 
Marielundvej 46B 
DK-2730 Herlev, Denmark 

N Computer Technology Limited 
Eaton Road. Hemel Hempstead 
Hertfordshire HP2 7EQ, England 

Digital Equipment Corporation (DEC) 
146 Main Street, Maynard 
Massachusetts 01754, USA 


Digital Equipment GmbH 
Waliensteinplatz 2, 

D-8000 MCinchen40, Germany 


Dornisr System 
Vertrieb Elektrontk, Abt. VCE 
Postfacb 648 

D-799 Friedrichshafen, Germatty 

EDS Systemiechnik GmbH 
Trierer Strasse 281 
D-51 00 Aachen, Germany 


EG &G/ORTEC, Inc. 

High Energy Physics Department 
500 Midland Road, Oak Ridge, 
Tennessee 37830, USA 


J. Eisenmann, Elektronik fur 
Prozessoutomatisierung 
Vogesenstrasse 6 

D-751 3 Stutensee-Buechig, Germany 
Emihus — See Hughes 


Frieseke & Hoapfner GmbH 
Export Dept. & Production 
Tennenloher Strasse 
D-8520 Erlangen-Bruck, Germany 


Frieseke & Hoepfner 
See also BF Vertrieb 
(Sales of F 8i H Products in Germany) 


GEC-Elliott Process Automation Ltd. 
Camac Group, New Parks 
Leicester LE3 1 UF, England 


Gianson Electronics Limited 
Long March Industrial Estate 
High March Road, Daventry 
Northants NN11 4HO, England 

Hans Knuerr KG 
Ampfingstrasse 27 
D-8000 Miinchen 8, Germany 

High Energy & Nuclear Equipment SA 
2, Chemin ds Tavernay, 

CH-1218 Grand-Saconnex, 
Switzerland 


Hughes Microcomponents Limited 
Clive House 

12-18 Queans Road, Weybridge, 
Surrey, England 


Hytec Electronics 
Court Road, Maidenhead 
Berkshire SL6 8LQ, England 


IDAS (Informations-, Oaten -und 
Automationssysteme) GmbH 
Kornmarkt 9 

D-B2S0 Limburg/Lahn, Germany 
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Imhof-Bedco Standard Products Ltd 
Colne Wav Trading Estate, By-Pass, 
Watford, Herts, England 


Informatek 

Z.A. de CourtabtBUf, B.P. 81 
F-91 401 - Orsav, France 


ITT Cannon ~ See Cannon 


J and P Engineering (Reading) Ltd, 
Portman House 
Cardiff Road, Reading 
Berkshire RG1-8JF, England 


C Joarger Enterprises, Inc 
32New York Avenue 
Westbury, N.Y. 1 1 590, USA 


Jorway Corporation 
27 Bond Street, Westbury, 
New York 1 1 590, USA 


Kinetic Systems Corporation 
IVlaryknolt Drive, 

Lockport, 111. B0441, USA 


C Kinetic Systems International S.A. 

6, Chemin de Tavernay, 

CH-1218 Grand Saconnex (Geneva) 
Switzerland 


Knuerr — See Hans Knuerr 


Laben (Division of Montedel) 
Via Edoardo Bassini, 1 5 
1-20133 Miiano, Italy 


Le Croy Research Systems Corp, 
126 North Route 303, West Nyack, 
New York 10994, USA 


Le Croy Research Systems SA 
81 , Avenue Casai 
CH-121 6 Cointrin, Geneva 
Switzerland 


Lemo SA 

CH-1 1 1 0 Merges, Switzerland 


Leonische Drahtwerke AG 
Abholfach 

D-8500 Niirnberg 1, Germany 


LRS-LeCroy — See LeCroy 


N Metrimpex 
P.O. Box 202 

H-1391 Budapest 62, Hungary 


Nuclear Enterprises Limited 
Bath Road, Beenham 
Reading RG7 5PR, England 


Nuclear Enterprises Inc. 

935 Terminal Way 

San Carlos, California 94070, USA 


I 


Nuclear Specialtios Inc. 

6341 Scarlett Court, Dublin, 
California 94666, USA 


Nuctetron SA 

11, Chemin G. de Prangins 

CH-1 004 Lausanne, Switzerland 


Numelec S.A, 

Division Electronique NucISatre 
2, Petite Place, 

F-78000 Versailles, France 


ORTEC Incorporated 
Software Dev, Digital Data Systems 
TOO, Midland Road, Oak Ridge, 
Tennessee 37830, USA 


ORTEC GmbH 

Frankfurterring 81 

D-8000 Wlilnchen 40, Germany 


O.S.L 

18 bis, Avenue du GrSn^ral de Gaulle 
F-06340 La Trinity, France 


OSL/Willsher and Quick — See OSL 
respectively Willsher and Quick 


Packard Instrument Company, Inc. 
Subsidiary of AMBAC Industries, Inc. 
2200 Warrenville Rd., 

Downers Grove, Illinois 6051 5, USA 


Polon 

Nuclear Equipment Establishment 
00-086 Warsaw, Bielanska 1, Poland 


Power Electronics (London) Limited 
Kingston Road Commerce Estate 
Lealherhead, Surrey, England 


C Precicabie 
151, Rue MIchel-Carre 
F-95101 Argenteuii, France 


RDT, tng. Rosselli DelTurco 
Rossello S.R.L. 

Via di Tor Cervara, 261 
Casella postale 7207 
Roma Nomentano 
1-001 5S Rome, Italy 


Realisations Etudes Electroniques 
(R2E) 


Zone d'Activites de Courtaboeuf 
F-91, 403 Orsay, France 


Rovsing — See Christian Rovsing 


Saphymo-Stel 

51, ruedei'Amirat-Mouchez 

F-7501 3 Paris, France 


Schlumberger Instruments & 
Systemes 

D^pt Instrumentation Nucl^aire 
B.P. 47 (57, rue de Paris) 
F-92222 Bagneux, France 
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Semra-Bennay (Electronics) Limited 
Industrial Estate, 

Chandler's Ford, Eastleigh, 
Hampshire S05 3DP, England 


SEN Electronique 

31, Avenue Ernest- Pictet, C.P. 57 

CH-1 211 Gen6ve13, Switzerland 


C Sensjon Limited 

Manor Lane, Holmes Chapel, Crewe 
Cheshire CW4 BAB, England 


Siemens AG 

Bereich Mess- und Prozesstechnik 

Postfach 21 1 080 

D-7500 Karlsruhe 21, Germany 


SOCAPEX (Thomson-CSF) 
9, Rue Edouard Nieuport 
F-92153 Suresnes, France 


Software Partners 
Grossgerauer Weg 2 
D-61 Darmstadt, Germany 


Souriau et Cie 
13, Rue Gallieni, B.P. 41 0 
F-92 Boulogne-Billancourt, 
Hauts-de -Seine, France 


Standard Engineering Corporation 
44800 Industrial Drive, 

Fremont, California 94538, USA 


Tekdata Limited 
Westport Lake, Canal Lane, 
Tunstall, Stoke-on-Trent, 
Staffs ST6 4PA, England 


N Tektronix, Inc. 

P.O. Box 600, Beaverton, 
Oregon 97005, USA 


Telefunken — See AEG- Telef unken 


Transrack 
B.P. 12 

22, Avenue Raspail 
F-94100 Saint-Maur, France 


Ultra Electronics (Components) Ltd 
Fassetts Road, Loudwater, 

Bucks. H PI 0 9UT, England 


Veto Electronics Ltd. 

Industrial Estate, Chandler's Ford, 
Eastleigh, Hants SOS 3ZR, England 

Karl Wohrmann, Industrievertr, 
Spaldingstrasse 74 
D-2000 Hamburg 1, Germany 


Wenzel Elektronik 

Wardeinstrasse 3 

D-8000 Munchen 82, Germany 


Wtilsher and Quick Ltd. 
Walrow, Highbridge 
Somerset, England 
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September 4, 1973 

Procurement-Mi 1 


NIM SYSTEM INSITBEfMEMTS S COMPONENTS 


I. SUPPLIERS OF UMWIRED NIM BIMS & MODULES 

Bull Run Machine & Welding, Inc. 

Route 2 

Clinton, Tennessee 37716 

Nuclear Specialties, Inc. 

540 Lewelling Boulevard 
San Leandro, California 94579 
Attn; Mr. John Timm 

Mech-Tronics 

1723 North Twenty-Fifth Avenue 
Melrose Park, Illinois 60160 

Vector Electronic Company 
12460 Gladstone 5 /enue 
Sylmar, California 91342 
Attn: Mr. Floyd L. Hill 

Semra Benney CElectronics) Ltd. 

Ind. Est. Chandlers Ford 
Eastleigh 
Hampshire SOS 3ZU 
ENGLAND 

A. Imhof Ltd. 

Ashley Wks 
Cowley Mill Road 
Wx Bridge 
Middlesex 
ENGLAND 

L-Electronique Appliquee 
98 rue Maurice Arnouy 
92 MonTrouge 
FRANCE 


Nuclear Enterprises, Inc. 

935 Terminal Way 

San Carlos, California 94070 

ORTEC, Inc. 

100 Midland Road 

Oak Ridge, Tennessee 37830 

Tennelec , Inq . 

Drawer D 

Oak Ridge, Tennessee 37830 

Industrial Fabricating 
820 Woodend Road 
Stratford, Conn. 06497 

Perinl & Scott (Australasia) Pty. Ltd. 

126A Pacific Highway 

Waitara, H.S.W. 2077 

P, 0. Box 163 

North Sydney 2060 

AUSTRALIA 


SEFAMO (Baudet Donon Roussel) 
74-78 Boul. du General-Leclerc 
Les Lilas (Seine) 

FRANCE 

Transrack 
22 Avenue Raspail 
F-94 St-Maur 
FRANCE 
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II. SUPPLIERS OF NIM IMSTRUMEMTS & WIRED BINS 

Acquidata 

910 Justin Lane 

Austin, Texas 78757 

Applied Nuclear Corporation 
4101 South Congress 
Austin, Texas 78745 

Berkeley Nucleonics Corporation Bertan Associates, Inc. 

1198 Tenth Street igg ttLller Place 

Berkeley, California 94702 Hicksville, New York 11801 

Canberra industries, Inc. 

Sturrup Nuclear Division 
45 Gracey Avenue 
Meriden, Connecticut 06450 

Chr one tics, Inc . 

500 Nuber Avenue 

Mt. Vernon, New York 10550 

Cosmic Radiation Laboratories, Inc. 

1645 Montauk Highway 

Bellport, Long Island, New York 11713 

Darcy Industries 
Behlman Division 
1723 Cloverfield Blvd. 

Santa Monica, California 90404 


EG£iG , Inc . 

500 Midland Road 
Oak Ridge, Tenn 37830 

Elscint, Inc, 

P, 0, Box 297 

Palisades, New Jersey 07650 

John Fluke Mfg. Company, Inc. 

P. 0. Box 7428 

Seattle, Washington 98133 

Gearhart-Owen Industries, Inc. 

P. 0. BOX 1936 

Fort Worth, Texas 76101 


ETEC Corporation 
Attn: Mr. H. Graves 

3392 Investment Blvd. 
Hayward, California 94545 
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II. SUPPLIERS OF NIM INSTRUMENTS fit WIRED BINS tCONTlNUED) 

I , II. ■ > III I 1*1 r — " ■ ' 

Geoscience Inc. 

Hamden 

Connecticut 06014 

Harshaw Chemical Company 
Crystal & Electronic Products Department 
6801 Cochran Road 
Salon, Ohio 44139 

v' Hewlett Packard Company 
1501 Page Mill Road 
Palo Alto, California 94304 

Jorway Company 
550 Old Country Road 
Hicksville, New York 11801 

Kicksort, Inc. 

Attn: Mr, J. P. McMahon 

4200 West 124th Place 
Alsip, Illinois 60658 

LeCroy Research Systems Corp. 

126 N. Route, 303 
West Nyack, New York 10994 

./ Mech-Tronics 

1723 North Twenty-Fifth Avenue 
Melrose Park, Illinois 60160 

Nanosecond Systems, Inc. 

176 Linwood Avenue 
Fairfield, Connecticut 06431 


Industrial Fabricators 
820 Woodland Road 
Stratford, Conn. 06497 


Northern Scientific Company 
303 Price Place 
P. 0. Box 4247 
Madison, Wisconsin 53711 

Nuclear Chicago Corporation 
Radiation Instrument Development Lab. 
333 East Howard Avenue 
Des Plaines, Illinois 60018 
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II. sqpPLIERS OF MIM T-MSTROliiEMTS S WIRED BIMS (CONTINUED) 

I)}uclear Data, Inc. 

100 West Golf Roa<3 
P. O. Box 451 
Palatine, Illinois 60067 

Nuclear Diodes, Inc. 

P. O. Box 135 

Prairie View, Illinois 60069 

Nuclear. Enterprises, Power Designs, Inc. 

935 Terminal Way ' 1700 Shames Drive ' 

San Carlos, California 94070. Westbury, New York 11590 

ORTEC, Inc. 

P. 0. Box C 

Oak Ridge, Tennessee 37830 


Nuclear Equi' i ent Corp. 

931 Terminal '/ay 

San Carlos, California 94070 

Nuclear Specialties, Inc. 

540 Lewelling Blvd. 

San Leandro, California 94579 


Packard Instrument Company 
2200 Warrenville Road 
Downers Grove, Illinois 60515 


Princeton Applied Research Corp. • 
P. O. Box 565 

Princeton, New Jersey 08540 

Science Accessories Corporation 
65 Station Street 
Southport, Connecticut 06490 

Scientific Engineering Company 
6901 N. Lamar Boulevard 
Austin, Texas 78752 


Technical Instruments, Inc. 

441 Washington Avenue 

North Haven, Connecticut 06473 


Tennelec , Inc . 

Drawer D 

Oak Ridge, Tennessee 37830 

Transistor Specialties, Inc. 

120 Terminal Drive 

Plainview, Long Island, New York 


Tomlinson Research Instruments Corp. 
1690 Capital Circle S.W. 

Post Office Box 1049 
Tallahassee, Florida 32301 ' 

Velonex 

560 Robert Avenue 

11803 Santa Clara, California 95050 


victoreen Instrument Division 
10101 Woodland Avenue 
Cleveland, Ohio 44104 
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II . SUPPLIERS OF NIM IMSTRUMENT5 S WIRED BINS CCONTINUED) 


Conuclear Limited 
551 Ferry Road 
Winnipeg 21, Manitoba 
CANADA 

Sim tec Ltd* 

3400 Metropolitan Blvd. East 
Montreal 38 , Quebec 
CANADA 

Sperry Gyroscope (Ottawa) Limited 
3 Hamilton Avenue 
Ottawa 3, Ontario 
CANADA 

CSN Electrical 
The Green Gosport 
Hampshire 
ENGLAND 

Ekco Instruments 
St. Peters Road 
Maidenhead Berkshire 
ENGLAND 


H.V.L. 

Leuvensesteenweg 1026/1048 

Brussels 14 

BELGIUM 

Perini & Scott (A ’Asia) Pty. Ltd. 
P.O. Box 163 
North Sydney 2060 
AUSTRALIA 


Willsher s Quick Ltd. 

Wallrow 

Highbridge 

Somerset 

ENGLAND 


256 


Procuremeat-M21 


II. SUPPLIERS OP NIM ItJSTRUMEMTS S WIRED BINS (CONTINUED) 


J&P Engineering (Reading) Ltd. 
Portman Houses Cardiff Road 
Reading, Berks 
ENGLAND 

Panax Equipment Ltd, 
Holmethorpe Industrial Estate 
Redhill, Surrey 
ENGLAND 

C.R.C, "Service Export" 

77 rue Gabriel Peri 

92-Montrouge 

PRANCE 


Nuclear Measurement Laboratories 

Dalroad Industrial Estate 

Dallow Road 

Luton, Bedfordshire 

ENGLAND 

Semra Benney (Electronics) Ltd. 
Xnd, Est, Chandlers Eord 
Eastleigh, Hampshire SOS 3ZU 
ENGLAND 


C.R.C. "Usine" 

5 rue Doguerre 
42 Saint-Etienne 
FRANCE 


Inter technique 
B.P. No. 1 
78 - Plaisir 
FR2iNCE 

Societe D 'Applications Industrielles 

De La Physique 

38, Rue Gabriel-Crie 

92-Malakoff 

FRANCE 


Gesellschaft fur Nucleonic und 
Electronic MBH 
8 Munchen 54 
Gartnerstrasse 60 
Munich 
GERMANY 

Knurr AG 

Ampfingstrasse 27 
D-8 Munchen 80 
GERMANY 

Nucletron Ver. GMBH 
Gartnerstrasse 60 
D-8 Munchen - 50 
GERMANY 


ORTEC, GnibH 
8 Munich 13 
Frankfurter Ring 
GERMANY 

Roland Zeissler 

D-521 Troisdorf Bea. Koln 

Postfach 93 

GERMANY 
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II. 


SUPPLIERS OF NIM INSTRUMENTS S WIRED BINS (CONTINUED) 


Wiener KG 
106 Nevenhaus 
D-5675 Hilgen 
Postfach 31 
GERMANY 

ELSCINT Ltd. 

An ELRON Subsidiary 
P. 0. Box 5258 
Haifa, ISRAEL 


OSAKA DENPA Co., Ltd. 

4-14 Honjyo-Nishidori, Oyodo-Ku 

Osaka 531 

JAPAN 

Jokyo Genshi Kogyo K.K. 

2-12-8 Higashi- Gotanda , Shinagawa-Ku 

Tokyo 

JAPAN 

Mr. Tore Seem 
Kirkevn-71 
1344 Hasltun 
NORWAY 


Ing Rosselli Del Turco Rossello 
Via Di Tor Cervara, 261 
00155 Rome 
ITALY 

MONTEDEL S.p.A. 

Divisione Laben 
Via E. Bassini, 15 
20133 Milano 
ITALY 

APEX Co . 

5-24, 2-Chome 
Sukarayama , Zush i- Shi , 
Kanagawa-Ken 
JAPAN 

Clear Pulse Engineering Company 

1-26, 6-Chome 

Chuo, Ohta-Ku, Tokyo 

JAPAN 

IKBGAMI Tsoshinki Co. Ltd. 

21, Motogi, 

Kawashaki-Shi , Kanagawa-Ken 
JAPAN 


Nippon Atomic Industry Group Co., Ltd. 
3-2-5 Kasnmigaseki Chiyodaku 
Tokyo 100 
JAPAN 


Nuclear Enterprises Ltd. 
Sighthill Edinburgh EH11-4EY 
SCOTLAND 


Oltronix 

Jamtlandsgatan 125 
Vallingby 
Stockholm 
SWEDEN 

Borer Electronics Company 
P. O. Box 4500 
Solothurn 2 
SWITZERLAND 

SEN Electronique 
31 Avenue Ernest Pictet 
1211 Geneve 13 
SWITZERLAND 
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HI. 


POWER SUPPLIES FOR HIM SYSTEM BINS 


B. L. Packer Company, Inc. 

5-05 Burns Avenue 
Hicksville, New York 11801 
Attn: Mr. Leroy Packer, Pres. 

Power Designs, Inc. 

1700 Shames Drive 
Westbury, New York 11590 
Attn: Mr. Herbert Roth 

Ratheon Corapany-Sorensen Operation 
Richards Avenue 

South Norwalk, Connecticut 06854 
Attn: Mr. P. J. Greaney 

Per ini s Scott (A 'Asia) Pty. Ltd. 
P. O. Box 163 
North Sydney 2060 
AUSTRALIA 

Attn: Mr. R. Scott Simpson 


J&P Engineering (Reading) Ltd. 
Portman House, Cardiff Road 
Reading, Berks 
ENGLAND 

C.R.C. "Service Export" 

77 rue Gabriel Peri 
92 - Montrouge 
FRANCE 

C.R.C. "Usine" 

5 rue Daguerre 
42 Saint “Etienne 
FRANCE 

Intertechnique 
B.P. No. 1 
78-Plaisir 
FRANCE 

S.A.I.P. 

38 rue Gabriel-Crie 

92-Malakoff 

FRANCE 


Nuclear Enterprises , Inc . 

935 Terminal Way 

San Carlos, California 94070 

ORTEC, Inc. 

100 Midland Road 

Oak Ridge, Tennessee 37830 

Tenelec, Inc. 

P. 0. Box D 

Oak Ridge, Tennessee 37830 

Elscint Inc. 

P. 0. Box 297 

Palisades Park, New Jersey 07650 


H.V.L. 

Leuvensesteenweg 1026/1048 
Brussels 14 
BELGIUM , 

Nuclear Measurements Laboratories 

Dalroad Industrial Estate 

Dallow Road 

Luton Bedfordshire 

ENGLAND 

PANAX Equipment Ltd. 

Holmethorpe Industrial Estate 

Redhill, Surrey 

ENGLAND 

Grenson Electronics Ltd. 

High March Road 

Long March Industrial Estate 

Daventry, Northants NNll 4HQ 

ENGLAND 

Semra Benney (Electronics) Ltd, 
Ind. Est. Chandlers Ford 
Eastleigh, Hampshire SOS 3ZtI 
ENGLAIID 
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III, POWER SOPI'IilES FOR HIM SYSTEM BINS 


SAPHYMO-S.R.A.T. 

14 rue Rene Coche 

92-Vanves 

FRANCE 

Sefaino (Baudet Donon Roussel) 
74-78 Boul du General-Xieclerc 
Las Lilas (Seine) 

FRANCE 


Nucletron Ver , GMBH 
Gartner s tr as se 60 
D-8 Munchen-50 
GERMANY 

Wiener AG 
106 Nevenhaus 
D-5675 Hilgen 
Postfach 31 
GERMANY 

ELSCIWT LTD 

An ELRON Subsidiary 

P. O. Box 5258 

Haifa 

ISRAEL 

Attn: Mr. M. Opher 

BLIND “ Blettronica Industriale 
Via Monte Suello 19 
20133 Milano 
ITALIA 

Attn: Mr. F. Bonini 

OSAKA DENPA CO., Ltd. 

4-14 Honjyo-Nishidori, Oyodo-Ku 

Osaka 531 

JAPAN 

Tokyo Genshi Kogyo K.K. 

2-12-8 Higashi-Gotanda, Shinagawa-Ku 

Tokyo 

JAPAN 


ORTEd, GmbH 
8 Munich 13 
Frankfurter Ring B1 
GERMANY 


MONTEDEL S.P.A. 

Divisione LABEN 
Via E. Bassini, 15 
20133 Milano 
ITALY 

APEX Co. 

5-24, 6-Chome, Sakura yama, 

Zushi-Shi , Kanagawa-Ken 
JAPAN 

Nippon Atomic industry Group Co., Ltd. 
2-5, 3-Chome, Kasumigaseki , 

Chiyoda-Ky Tokyo 
JAPAN 


Mr. Tore Seem 
Kirkevn. 71 
1344 Haslum 
NORWAY 
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III. POWER SUPPLIES FOR SIM SYSTEM BINS 

Nuclear Enterprises Ltd. 

Oltronix AG Sighthill , Edinburgh EHll 4EY 

Jamtlandsgatan 125 SCOTLAND 

Vallingby 

Stockholm 

SWEDEN 

Borer AG 
P. 0. Box 4500 
Solothtirn 
SWITZERLAND 

SEN Electronique 
31 Av. Ernest-Pictet 
1211 Geneve 13 
SWITZERLAND 

IV- MISCELLANEOUS COMPONENTS 

(a) Connector blocks , contacts , guides, hoods , and polariz ing pins 
(See ND-519, ND-514, ND-522, ND-541) are available from: 

AMP , Inc . 

P. O. Box 3608 
Harrisburg, Pa, 17105 
Attn: Mr. Tony Stew?irt 

Winchester Electronics 
Main Street & Hillside Avenue 
Oakville, Connecticut 06779 
Attn; Mr. T. R. Parcas 

NOTE: See Notes on ND-519 regarding contacts and tools. 

See also ND-514, ND-522, and ND-541. 

(b) Handles (optional} - gee ND-512) can be obtained from Cambridge 
Thermionic Corporation, 445 Concord Avenue, Cambridge, Mass. 02138. 
Identification of a typical handle is as follows: 

Handle, semi-frost aluminum, CTC No. 1230-2 Ferrules 
(for above handle), semi-frost aluminum, CTC No. 1953-2. 

(c) Fasteners (see ND-512) are obtainable from the companies listed 
below. However, it should be noted that suppliers of blank 
modules frequently include the fasteners. 

Amaton Electronic Hardware Company, Inc. 

432 Main Street 

New Rochelle, New York 10801 
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IV. MISCELLANEOUS COMPONENTS (CONTINUED) 

(c) Fasteners (Continued) 

Southco Inc . 

South Chester Corporation 
Lester, Pa. 19113 


Nuclear Specialties, Inc. 

540 Lewelling Blvd. 

San Leandro, California 94579 


(d) Laminated Busses 

Eldre Components , Inc . 

1239 University Avenue 
Rochester, New York 14607 

Methods Manufacturing Company 
1700 Hicks Road 

Rolling Meadow, Illinois 60004 
Attn; Mr. George C. Wright 

(e) High Voltage Connectors {see ND-545) 

AMP, Inc. 

P. 0. Box 3608 
Harrisburg, Pa. 17105 
Attn: Mr. Tony Stewart 

Kings Electronics Company, Inc. 

40 Marbledale -Road 
Tuckahoe. New York 10717 
Attn; Mr. S. H. Jackson 

STARTRONICS, Inc. 

Moulton Street 
Georgetown, Mass. 01830 
Attn: Mr. W. E. Jackson 

Winchester Electronics 
Main Street S Hillside Avenue 
Oakville, Conn. 06779 
Attn: Mr. Tore Anderson 


Nuclear Specialties, Inc. 

540 Lewelling Blvd. 

San Leandro, California 94579 

ORTEC, Inc. 

100 Midland Road 

Oak Ridge, Tennessee 37830 

ORTEC, GmbH 
8 Munich 13 
Frankfurter Ring 81 
GERMANY 

Coaxial Connectors Type 5QCM 
(see ND-549) 


KINGS Electronics Co., Inc. 

40 Marbledale Road 
Tuckahoe, N. Y. 10717 

LEMO SA 

CH-1110 Merges, SWITZERLAND 

LEMO U.S.A. , Inc. 

2015 Second Street 
Berkeley, CA 94109 

Quick Loc Connectors Ltd. 

P. 0. Box 306, Shoreham-by-Sea 

Sussex BW4 SET 

ENGLAND 


The above compilation is undoubtedly incomplete. Information regarding 
corrections, additions, or deletions is solicited and should be addressed 
to : 


Louis Costrell, Chairman 
AEG Committee on Nuclear 
Instrument Modules 
Radiation Physics Building 
National Bureau of Standards 
Washington, D. C. 20234 


USCOMM-NBS-DC 
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